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1. FUNDAMENTAL AND DERIVED UNITS 
:\Ietric English 
Symbol I 
Unit Abbrevia- Unit Abbrevia-tion tion 
Length _______ l meter ________ ______ ____ III foot (or mile) __ _____ __ ft. (or mi.) 
Time _________ t second ____ ________ _____ 5 second (or hour) _______ sec. (or hr.) 
Forcc _________ F weight of 1 kilogram ___ __ kg wcight of 1 pound ___ __ lb. 
-
Power ____ ____ P horsepower (metric) ______ 
-- ---- - -- -
horscpower _____ ______ hp. 
Speecl _________ y {kilometers per hOllL ____ _ k.p.h. milcs per hOIlL __ _____ m.p.h. I meters per second - - - - - -- m.p.s. feeL per second ________ f.p.s. 
2. GENERAL SYMBOLS 
Weight = mg 
Standard acceleration of gravity = 9.80665 
m/s2 or 32.1740 ft./sec. 2 
Mass = W 
9 
:Moment of inertia = mP. (Indicate axis of 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 
v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 
15° C. and 760 mm; or 0.002378 Ib.-ft.-4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/ms or 
0.07651 lb. /cu.ft. 
3. AERODYNAMIC SYMBOLS 
Area 





True air speed 
Dynamic pressure =~P V2 
Lift, absolute coefficient CL=:S 
Drag, absolute coefficient CD = ~ 
Profile drag, absolute coefficient CD. = ~S 
Induced drag, absolute coefficient CD, = ~S 
Parasite drag, absolute coefficient CD = DSp 
P q 




Vl p - , 
JI. 
Angle of setting of wrngs (relative to thrust 
line) 
Angle of stabilizer setting (relative to thrust 
line) 
Resultant moment 
Resultant angular velocity 
Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 
Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 
Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero-
lift position) 
Flight-path angle 
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TESTS OF NACELLE-PROPELLER COMBINATIONS IN VARIOUS POSITIONS 
WITH REFERENCE TO WINGS 
IV-THICK WING-VARIOUS RADIAL-ENGINE COWLINGS-TANDEM PROPELLERS 
By JAMES G. MCHUGH 
SUMMARY 
This report is the jourth oj a series giving the results 
obtained jrom tests in the N.A.O.A . 20100t wind tunnel 
to determine the interjerence lift and drag and the pro-
pulsive efficiency oj wing-nacelle-propeller combinations. 
Previvus reports give the results oj tests with tractor 
propellers with various jorms oj nacelles and engine 
cowlings. This report gives the results oj tests oj tandem 
arrangements oj engines and propellers in 11 positions 
with rejerence to a thick wing. 
The wing had an aspect ratio oj 3, and a maximum 
thickness oj 20 percent oj the chord. The engines were 
4-19-scale models oj a Wright J-5 radial air-cooled engine 
and were installed in nacelles oj the same scale. The 
propellers were 4- jeet in diameter. Tests were made 
with two different nacelles and with several different 
combinations oj engine cowlings. The effects oj varia-
tions in propeller spacing and in the angle oj cowling-
ring chord to thrust line were also investigated. 
The lift, drag, and propulsive efficiency were deter-
mined at several angles oj attack jor the 2 nacelle shapes 
with various combinations oj engine cowlings in each oj 
3 nacelle locations. From these tests the nacelle and 
cowling combination that gave the highest net efficiency 
was determined and used in all other nacelle locations 
tested. 
The results indicate that with a tandem arrangement 
oj engines and propellers the best over-all efficiency is 
obtained by using a nacelle oj the lowest drag it is possible 
to obtain without impairing the cooling oj the cylinders. 
OJ the several engine-cowling combinations tested, best 
results were obtained with an N.A.O.A. hood over the 
jront cylinders and a ring over the rear cylinders. When 
a large nacelle is used with this cowling combination 
there is little difference between the net efficiencies jor 
positions with the nacelle jaired into the wing and posi-
tions with the thrust line about halj a propeller diameter 
below the lower surjace oj the wing, both positions being 
greatly superior to any position tested above the wing. 
These positions and cowlings, however, are considerably 
injerior to the best tractor-propeller arrangements pre-
viously reported. 
INTRODUCTION 
This report is the fourth of a series giving the results 
of an investigation to determine the mutual interfer-
ence effects of wings, nacelles, and propellers on the 
aerodynamic characteristics of various combinations 
of these bodies. The program, originally presented at 
the Fourth Annual Aircraft Engineering Research 
Oonference in May 1929, has subsequently been 
extended and now includes nacelles with tractor, 
pusher, and tandem propellers and biplane as well as 
monoplane wings. Tests have been made with 
several propeller pitch settings and with numerous 
types of cowlings of air-cooled engines. 
The first three reports of the series (references 1, 2, 
and 3) have given the results obtained with a tractor 
propeller operating in proximity to monoplane wings. 
This fourth report presents the results obtained from 
tests of tandem arrangements of propellers and radial 
air-cooled engines in 11 positions with reference to a 
thick wing. Tests were made with two different 
nacelle shapes and with several different engine 
cowlings on each nacolle. A few additional tests were 
made to determine the effect of propeller spacing on 
propulsive efficiency. In order to prevent the number 
of tests from becoming exce sive, the test positions 
were limited to those which merited practical con-
sideration. 
The locations of the nacelles with reference to the 
wing, the shape of the nacelles, and the various types 
of cowlings to be used were determined from a study of 
domestic and foreign airplanes incorporating tandem-
engine installations in their design. 
In order to show the relative merits of the various 
arrangements of wings, nacelles, and propellers with 
respect to performance a system of comparison has 
been developed, and in this report the relative merits 
of the various combinations are compared for two flight 
conditions. 
Previous to these tests very little information wa 
available on the effect of operating propellers in tan-
dem. A few isolated tests had been made of tandem 
propellers alone, ~ut the tests discussed here are the 
3 
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first that have attempted to show the mutual inter-
ference effect of wings, nacelles, and propeller . 
These tests were conducted in the N.A.C.A. 20-foot 
propeller-research tunnel at Langley Field, Va. 
APPARATUS A D METHOD 
The propeller-research tunnel in which these tests 
were made is described in reference 4. With the excep-
tions cited below, the standard apparatus and test 
methods were used. The wing used in the tests had a 
5-foot chord, a 15-foot span, and a maximum thick-
The propellers used, 1 right-hand tractor and 1 left-
hand pusher, were both 4 feet in diameter and were 
geometrically similar to the avy no. 4412, 9-foot-
diameter aluminum alloy propeller. A number of full-
scale tests of this propeller have been made and are 
discussed in references 5 and 6. The blades may be 
tmned in the hub to give different pitch settings. 
Each propeller was driven by a 10-inch-diameter, 
220-volt alternating-cmrent induction motor capable of 
developing 25 horsepower at 3,600 r .p.m.; the two 
motors were operated in parallel. Wires were led from 
r
---It reor propeller 






















l ~-6"-t-"-A -11'% "-- ->-B-13"-t~·--------------------4 '0 ,,---------------
Section A-A Section 8-8 Section C-C Section 0-0 
FIGURE I.- Large nacelle and engine assembly. propeller spacing 1 d;ameter. 
ness of 20 percent of the chord. It is described in 
detail in reference 1. 
The engine nacelles, constructed of sheet aluminum, 
were similar to nacelles required for Wright J-5 rarual 
engines and were fom-ninths full scale. Detailed 
wooden models of the engines were installed in the 
nacelles, One nacelle, constructed with the dimen-
sions given in figure 1 and called "large nacelle", 
represents what is believed to be the optimum practical 
nacelle shape for a propeller spacing of one diameter. 
Figure 2 shows the large nacelle modified for a pro-
peller spacing of one and one-half diameters. The 
dimensions of a second nacelle, called a" mall nacelle"] 
are given in figure 3. 
The engine cowlings used consisted of the N.A.C.A. 
hood, shown in figures 1 and 2, and the two variable-
angle rings shown in figure 3. These rings are identical 
to the one shown in figure 3, reference 2. 
the motors down the struts into the wing and along the 
supporting members to control equipment below. 
These wires were carefully taped to the struts and sub-
sequent tests indicated that they had a negligible effect 
on the tare drag, A dynamometer was used for cali-
brating the motors and curves of active current against 
torque for various values of frequency were obtained 
for each motor. 
The motors were driven from a variable-speed alter-
nator, speed control being obtained by controlling the 
frequency of the current output from the alternator. 
Revolution speed was indicated by a condenser-type 
electric tachometer connected by wires to an indicating 
instrument on the control board. 
In order to make the results obtained from the two 
sets of pitch settings herein discussed directly compara-
ble with the results obtained from the tests reported 
in references 1, 2, and-3, the pitch of the two propellers 
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l k-s''--t-A---24 % "'----->t<-'>-8---24%"·----t>s~~ ~-----------------6'O"----------------
Section A-A 
¢. of rear-_, I 
propeller '-~ 
Section 8 - 8 Section C-C Section D-D 
FIGURE 2.-Large nacelle and engine assembly, propeller spacing Ij.§ diameters. 
r
> 8,.-==cr>1 
. _.It. of front 
1. __ ------,,--+-llL I' propeller 
- ~~----l-
---- - ~ 
~ I 
k-6"-t---25".- __ .I _ I/y,._J JI_/~. 
>A t>B Cl.,. 
1<- --------4'0"'- ---------· 
Section 8-8 
Sec tion A-A Section C-C 
FIGURE 3.-Small nacelle and engine assembiy, propeller spacing 1 diameter. 
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was adjusted to give equal power coefficients at peak 
propulsive efficiency and also to bring the points of 
l -A 2-A 3-A 
4:!:A'-i -' -oo:iI ~ . I 41\ 
I I I I I I ~ 
1-C ~11-~+~ tLj~!I-' I-j--. 1~1~t~ i , 
I -~ 6" ~-18"-1 -, .' I. C') ~/2" t-12"-t--24"- -12"-t·12,,-~.J 
1-8 2-8 3-8 1-8 2-8 3-8 
+ - +._- +--_._+._- +--+ 
4 -8 4-8 
FIGURE 4.-Wing-nacelle test locations. 
peak propulsive efficiency at values of VjnD=O.65 
for one set of pitch settings and at V/nD=O .83 for the 
other set of pitch settings, these values of VjnD being 
In order to determine the effect of nacelle shape, 
engine cowling, and angular setting of the variable-
angle ring on the net efficiency of the wing-nacelle-
propeller combination, drag and propeller tests were 
made using two different nacelle shapes and the follow-
ing combinations of engine cowling: 
With the large nacelle (fig. 1)-
Exposed cylinders front, exposed cylinders rear. 
N.A.O.A. hood front, exposed cylinders rear. 
N.A.O.A. hood front, variable-angle ring rear. 
Variable-angle ring fron t, variable-angle ring rear. 
With the small nacelle (fig. 3)-
Exposed cylinders front, exposed cylinders rear. 
Exposed cylinders front, variable-angle ring rear. 
Variable-angle ring front, exposed cylinders rear. 
Variable-angle ring front, variable-angle ring rear. 
In order to determine the optimum ring setting of 
the variable-angle ring, tests were made, in each of the 
above-mentioned combinations where the ring type of 
cowling was used, with the chord line of the ring sec-
tions set at several different angles with respect to the 
thrust line of the propellers. 
All the above-mentioned nacelle and cowling arrange-
ments were located in position 2-B as shown in figure 
FIGURE 5.-Wing-nacelle combination mounted for test in position 4- A . 
the points at which peak propulsive efficiency occurred 
in the tractor-propeller tests of references 1, 2, and 3 
for the 17° and 22° pitch settings, respectively. 
4, and it was found by testing some of them in positions 
2-A and 1-0 that their order of merit was apparently 
independent of nacelle location. 
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Using the best nacelle-cowling arrangement deter-
mined from the above-mentioned tests, tests were made 
with the wing and nacelle in the relative positions 
marked in figure 4. The nacelle positions are desig-
nated by the system of letters shown. In the figure 
the crosses indicate the positions of the center lines of 
the propeller hubs. 
The wing-nacelle combinations were mounted on the 
balance by means of standard supports described in 
reference 7. With these supports the airfoil pivots 
about a line near the lower surface 25 percent of the 
chord back from the leading edge, the angle of attack 
being adjusted by a crank operating a post connected 
with a sting on the airfoil. The airfoil and nacelle 
mounted in one test position are shown in figure 5. 
Figures 6, 7, and 8 are photographs of other wing-
nacelle combinations. In all cases the thrust line of 
the propeller was parallel to the wing chord. The lift 
and drag forces were measured simultaneously by bal-
ances on the floor below. The Reynolds Number 
varied from about 2,150,000 at the lowest air speed 
(50 miles per hour) to about 4,300,000 at the highest 
speed (100 miles per hour). 
A series of tests at various air speeds was made with 
the wing alone at angles of attack of _5°, 0°, 5°, 10°, 
and 12°. Tests were also made without the wing, at 
an angle of attack of 0°, for a few of the more important 
nacelle and cowling arrangements. 
With each wing-nacelle combination a run was made 
at several air speeds with the propellers removed. The 
lift, drag, moment, and air speed were measured at 
angles of attack of _5°, 0°, 5°, 10°, and 12°. A sec-
ond test was then made with the propellers operating 
and with the tunnel operating at several air speeds. 
In this test the lift, drag (or thrust), torque, propeller 
revolution speed, and air speed were measured at 
angles of attack of _5°, 0°, and 5°. 
Tare-drag measurements were made with the wing 
supported free of the balance supports. Other tests 
indicated that the propeller had a negligible effect on 
the tare drag. 
RESULTS 








where q, the dynamic pressure (~p V2). 
p, mass density of the air. 
V, velocity. 
S, area of the wing. 
e, chord of the wing. 
I (All moments were taken about the quarter-chord 
point of the wing.) 
These coefficients were first plotted against the 
dynamic pressure q and then cross-plotted as OL, OD, 
and Om against IX (angle of attack) at values of the 
dynamic pressure corresponding to 50, 75, and 100 
miles per hour in standard air. 
The lift and drag coefficients have been plotted as 
polar diagrams so arranged as to facilitate comparison 
of the results with various cowlings in the different 
nacelle locations. Figure 9 shows the results for 
various cowlings and nacelles in position 2-A; figure 10 
shows the results for position 2-B; and figure 11 the 
results for position 1-0. Figures 12, 13, and 14 com-
pare the effect of various locations of the completely 
cowled large nacelle in positions above, below, and in 
the wing, respectively, and figure 15 shows the relative 
merits of representative nacelle locations above, below, 
and in the wing. In all these diagrams the polar of 
the wing alone is also given. All the polars are plotted 
from the data obtained at an air speed of 100 miles 
per hour. The results are also given in tables I and 
II together with those for two other air speeds, 50 
and 75 miles per hour. The values of the moment 
coefficients, which were found to be the same for all 
air speeds, are given in table III. 
The results with the propeller operating are reduced 
to the usual coefficients and are based on the revolution 
speed of the front propeller. Owing to the charac-
teristics of the alternating-current motors used to 
drive the propellers the ratio 
revolution speed of the front propeller 
revolution speed of the rear propeller 
was practically unity except at very low values of VjnD. 
T-/1D 
OT= pnp2 JJ4 
PI' 
OPp= pnp3 D 6 
Pu 
OPR= pnF3 D5 
OPtotal=OPp+OPR 
7)=propulsive efficiency 
effective thrust X velocity of advance 
total motor power 
OT ( V) 
= OPtotal npD 
Os=propeller-operating coefficient (reference 5) 
Position I-A Position 2-A Position 3- A 
Position 1- 0 Position 2-0 P osition 3-0 
Position I-D Position Z-D Position 3-D 














































Small nacelle, exposed cylinders front and rear 
Position 1-0 
Small nacelle, cowling r ing front and rear 
FIGURE 7.-SmalJ nacelle with various cowlings in three ditTerent locations. 
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Position 2-A. Position 2-B 
N.A..C.A. nacelle, exposed cylinders front and rear 
Position 2-A Positlon2-B 
N.A.C.A. nacelle, N.A.C.A. hood front, exposed cylinders rear 
FIGURE S.-Large nacelle with various cowlings in two diJferent locations. 
Where 
T, thrust of propellers. 
t:.D, change in drag of body due to action of 
propellers. 
1-t:.D, effective thrust (discussed in reference 5). 
np, front-propeller revolutions per unit time. 
D, propeller diameter. 
Pp , front-engine power. 
PR , rear-engine power. 
P total! PP+PR • 
p, mass density of the air. 
OL and Om are computed as before but are now 
called OLp and Omp" 
The coefficients for all nacelle positions and cowl-
ings at various values of V/nD and different angles of 
attack are given in tables IV to XI, inclusive: 
Table IV.-Thrust coefficient (OT)' 
Table V.-Front-propeller power coefficient 
(Opp)' 
Table VI.-Rear-propeller power coefficient 
(OPR)' 
Table VII. - Propulsi ve efficiency ('7). 
Table VIII.-Propeller-operating coefficient 
(Os). 
Table IX.-Lift coefficient with propeller oper-
ating (OLp)' 
Table X.-Moment coefficient with propeller 
operating (Omp)' 
Table XI.-Propeller coefficients-nacelle alone 
tests. 
Since only individual values of the preceding coeffi-
cients are used in later comparisons, all curves are not 
reproduced here. Figure 16 is a typical plot of such 
values. (See also figs. 9-12 of reference 1.) 
Aspect ratio and tunnel-wall interference correc-
tions have not been made as the results are intended 
for comparative purposes only. 
ACCURACY 
All readings were taken on scales and instruments 
that were calibrated frequently during the tests. The 
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FIGURE 13.-Polar diagrams for completely cow led large nacelle in three positions FIGURE H.-Polar diagrams for completely cow led large nacelle in three positions 
below wing. in wing . 
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FIGURE 16.-'l'ypical plots of CPIo'." CT , and ~ against VlnD. Large nacelle with 
N.A.C.A. hood front and variable-angle r ing set 5° rear. Position 2-A. Angle 
of attack, 0·. 
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angle of attack of the airfoil was set within 5 I of the 
desired angle with an inclinometer. The calibrations 
of motor torque are believed to be correct to within 0.1 
foot-pound, and the motor revolution speed was meas-
ured to the nearest 10 r.p .m. The lift and drag were 
read to the nearest pound. 
With the wing at high angles of attack, particularly 
neitr tho burble point of tho airfoil, the forces fluc-
tuated rapidly and the above accuracy could not be 
obtained. The major portion of the faired results is 
believed to be correct within ±2 percent, as indicated 
by the scattering of the te t points. 
DISCUSSION 
The chief factors that determine the merits of a 
wing-nacelle-propeller combination are propulsive 
efficiency, lift chargeable to propeller and nacelle, 
and effective nacelle drag. In order to be trictly 
accurate, any comparison of the relative merit of a 
number of wing-nacelle-propeller combinations should 
take account of each factor. However, for a general 
case, no system of comparison 0 far devi ed i capable 
of taking into account each of the contributing factors 
in their exact proportion. Analysis of the problem 
immediately indicates that if the forces of propeller 
thrust and effective nacelle drag are repre ented as 
collinear vectors the force vector repre enting the lift 
chargeable to the propeller and nacelle mu t be repre-
sented at right angles to the force vector of propeller 
thrust and effective nacelle drag, and a completely 
satisfactory method for evaluating lift in term of 
thru t or drag is difficult to obtain. 
Previous reports on thi ubject (references 1, 2, 
and 3) have taken account of the lift effect by charginO' 
to tho nacelle the diU renco between the drag of the 
wing alone and the drag of the wing-nacelle combina-
tion at the angle of attack which, with propeller operat-
ing, gave the same lift coefficient as the wing alone. 
In this report, the various wing-nacelle-propeller com-
binations are compared for the high-speed and the 
climbing flight conditions by this method, which i 
fully discussed in reference L 
It is desirable to point out here that, although the 
effect of the propeller aud nacelle on winO' lift is mall 
at low angles of attack (at conditions corre ponding 
to high or cruising speeds), it may be appreciable at 
high angle of attack (condition corre ponding to 
landing) and care should be u ed in de ign to con ider 
these effect on lift for the latter condition. At high 
angles of attack the nacelle drag forms such a mall 
proportion of the total drag that there is no material 
difference in total drag with different arrangement 
and the discussion of relative merit may be confined 
to the high-speed and climhing condition mentioned 
in the preceding paragraph. 
Drag.-Of the remaining factors affecting the merit 
of a wing-nacelle-propeller combination it may be said 
that, since the variation in propul ive efficiency for 
different nacelle positions is fairly small, the most 
important item is nacelle drag. This discussion will 
first consider the factors influencing the drag of the 
nacelle and subsequently will consider the effects of 
the propeller. 
With reference to the polar diagrams of various 
nacelles and cowlings in position 2- A (fig . 9), position 
2- B (fig. 10), and po ition 1- C (fig. 11), it will be noted 
that the drag of the combination with the large nacelle 
is appreciably less than it is with the small nacelle, 
regardless of the type of engine cowling used. With 
reference to the small nacelle it may also be seen that, 
except in the case of position 2-A at low angles of 
attack, the addition of cowling rings increased the drag 
over the values obtained with expo ed cylinders. The 
eIrect of engine cowling n the large nacelle i hown 
in figures 9 and 10. It may be seen that placing the 
.A.C.A. hood over Lhe front-engine cylinders and 
leaving the rear engine with expo ed cylinders show a 
great decrea e in drag a compared to that for the large 
nacelle with exposed cylinders both front and rear. 
The additional decrea e in drag obtained through cowl-
ing the rear engine cylinders, although appreciable, i 
relatively mall as compared to the reduction in drag 
obtained by cowling the front engine with the .A.C.A. 
hood. 
The effect of nacelle location on drag is of about 
equal importance with the effects of nacelle shape and 
cowling. Figur 12, 13, and 14, show the effects of 
variations in location of the completely cowled large 
nacelle in positions above the winO', below the wing, and 
in the wing, respectively. An in pection of the e charts 
reveals the fact that moving the nacelle fore-and-aft 
has very little effect on nacelle drag, r egardle of 
whether the nacelle be above the wing or below the 
wing. Figure 15 show typical polars of the completely 
cowled large nacelle in po ition above, below, and in 
the wing. It i to be noted that position in the wing 
and po itions below the wing are about equal with 
respect to drag and that both are greatly uperior to 
po itions above the wing. 
The effect on nacelle drag of angular setting of the 
variable-angle ring i shown in figure 17 and 18. It 
is to be noted that the nacelle drag is not appreciably 
affected by rear-ring setting within the range of _5° 
to 10°, but is quite sensitive to front-ring setting. 
Propulsive efficiency.- Figure 17 and 1 show the 
effect, with the mall nacelle, of variable-angle ring 
setting on propul ive efficiency. Compari on are 
made at a constant value of FinD. With reference to 
figure 17, it will be noted that with the rear cylinders 
eA'Posed the peak of the propulsive-efficiency curve 
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apparently occurs at a front-ring setting of about 5°. 
Putting a ring with a setting of 5° over the rear cylin-
ders increased the'" propulsive efficiency for all values of 
front-ring setting,' but the maximum value apparently 
still occurs at a front-ring setting of about 5°. The 
£> -- Ring over front engine cyl's., 
r e ar engin e cyl's. exp osed 
1-+ __ Ring o ver front engine cyl's. , -
r ing s et 5· o ver r e ar eng. cyl's. 
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FIGURE 17.-Effect of front'ring setting on nacelle drag, propulsive efficiency, and 
net efficiency. Small naceUe in position 2-B. 
effect of varying the angular setting of the rear ring 
is shown in figure 18. It may be seen that with the 
front cylinders exposed the propulsive efficiency con-
tinued to increase with increasing angular setting of 
the variable-angle ring. It is to be noted that placing 
the ring with an angular setting of 0° over the front 
cylinders increased the propulsive efficiency slightly 
and caused the point of maximum efficiency to occur at 
a rear-ring setting of about 5°. 
Further consideration of the problem of ring setting 
shows that the point of maximum net efficiency comes 
neither at the ring setting which gives minimum drag 
nor at the setting which gives maximum propulsive 
efficiency, but at some intermediate point. The results 
shown in figures . 17 and 18 show the optimum ring 
settings to be about 0° for the front ring and about 5° 
for the rear ring. For all practical cases the optimum 
ring settings are apparently independent of nacelle 
shape. 
The results of these tests show that the fore-and-aft 
location of the nacelle with reference to the wing has 
very little influence on the maximum efficiency ob-
tainable at any given value of as (see reference 5 for a 
discussion of this coefficient), the maximum variation 
ranging from about 2 percent for positions a.bove the 
wing to about 1 percent for positions below the wing. 
The vertical location of the nacelle with reference to 
the wing does, however, have an appreciable effect. 
Figures 19, 20, and 21 are plots of 7J and V/nD against 
as for representative nacelle locations above, below, 
and in the wing, respectively. Inspection of these 
curves reveals that the propulsive efficiency obtained 
with nacelle positions below the wing is somewhat 
higher than that obtained with positions above the 
wing, and that for nacelle positions in the wing the 
propulsive efficiency is considerably lower than that 
£> -- Ring over reO:- engine cyl's., 
fronf engine cyl's. exposed 
- + -- Ring over rear engine cyl's.,-
ring set O· over front eng. cyl's. 
c- .60 
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FIGURE lB.-Effect of rear·rlng setting on nacelle drag, propulsive efficiency, and 
net efficiency. Small nacelle in position 2-B. 
obtained with the nacelle located either above or 
below the wing. 
COMPARISON OF RESULTS 
As stated at the beginning of the discussion, the 
true merit of any wing-nacelle combination is deter-
mined by the interrelation of the lift, drag, and pro-
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peller effects considered separately. The detailed 
discussion of the method given in reference 1 and used 
in the previous reports of this series results ill the 
following equations: 
P . ffi . (T-t:.D)V CT V ropulsive e CIenCY=17 = p = C
p 
nD 
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FIGURE 19.-Varlation of 'I and VlnD with Cs tor typical position abo.e wing. 
Tandem position 2-A. Angle otattack, 0°. Large nacelle with N.A.C.A. hood 
front, ring 5° rear. Blade angle of propeller at 0.75 R. 
Net efficiency=propulsive efficiency-nacelle drag 
. CT V CDa--CDw S (V)3 





where CDW, drag coefficient of the wmg at a given 
angle of attack. 
CDa' drag coefficient of the wing-nacelle com-
bination (propeller removed) at the 
angle of attack at which the lift coeffi-
cient with the propeller operating is the 
same as the lift coefficient of the wing 
alone at the given angle of attack. 
These formulas are applied to two conditions: One 
for high speed and cruising with a propeller n~ ==0 0.65 
and a lift coefficient corresponding to that of the wing 
alone at an angle of attack of 0° (CL =0.409), and one 
for climbing with a n~=0.42 and a lift coefficient 
corresponding to that of the wing alone at an angle 
V 
of attack of 5° CCL =O.652). The nD selected for the 
high-speed comparison is that at which the propellers 
operated at maximum efficiency for pitch settings 
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FIGUEE 2O.-Variation Of., and V/nD with Cs for typical position below wing. 
Tandem poSition 2-B. .Angle of attack, 0°. Large nacelle with N.A.C.A. hood 
front, ring 5° rear. Blade angle of propeller at 0.75 R. 
assuming that climbing is done at 60 percent of high 
speed and that the torque of the engine is constant. 
A diagram of the method of obtaining the drag value 
used in computing the nacelle drag efficiency factor is 
given in reference 3. The foregoing values of lift 
coefficient and n~ are the same as have been used in 
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previous comparisons of Tesults for the airfoil used in 
these tests and the net efficiencies may be directly 
compared. 
It would perhaps be better to make comparisons at 
a constant value of as but therc is no evidence that 
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FIGURE 21.-Variation of~ and V/nD with Cs for typical position in wing. 'randam 
position I-C. Angle of attack, 0·. Large nacelle with N.A.C.A. hood front, 
ring 5· rear. Blade angle of propeller at 0.75 R . 
resulting complication would not be justified. The 
order of merit of the various cowling and nacelle 
po ition , whicb is the primary object of the analysis, 
is clen.rly indicated by the pre ent computations. The 
results are given in table XII. For n. few arrangements 
for which the data n.re incomplete, no net efficiencies 
are given. Tllat these are generally poor, however, can 
be seen from the data given. 
Examination of the table for the high-speed condi-
tion shows that the In.rge nacelle with .A.O.A. hood 
on front engine and variable-angle ring set 5° on the 
rear engine located in position 2- 0 gives the highest 
net efficiency (0 .614), followed closely by the same 
nacelle in position 2- B (net efficiency 0.611). The net 
efficiency is only slightly lower for other locations of 
the same nacelle below the wing but falls to low value 
for locations above the wing. Other types of cowling 
show lower values in all locations. With the engine 
cylinder expo ed the net efficiency drops to very low 
values (0.386 for position 2- A, small nacelle) . 
The propulsive efficiencies are fairly high but the 
nacelle drag efficiency factors are also high, which 
accounts for the low net efficiencies. The lowest 
nacelle drag efficiency factor (0 .106 for position 2- 0) 
is accompn.nied by a low propulsive efficiency (0.720). 
28 
6' polifiol , l C 11rg1 nbce),e, .! 
N.A.C.A . hood front, r ing 5' rear . 
I 0 Posifion 2-A small nacelle, I ~ 
-
_exposed cyl's .. front, exposed cy/'s. rea[7: 
+ Pos iflon 2-8 small nacelle, 
exposed cy/'s. front, 
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Rear propeller blade angle at 0. 75 R., degrees 
FIG URE 22.-Relation between the pitch setting of front propeller and tbe pitch 
setting of rear propeller for equal power absorbed at peak effiCiency. 
It appears that this arrangement would be improved 
by moving the front engine farther ahead of the wing, 
judging by the results for tractor position B of refer-
ence 1. The net efficiency for the latter is 0.752, so 
that the best tandem arrangement is greatly inferior 
to the best tractor. The cowled tractor nacelle is 
known to have a low drag and the general inferiority 
of the tan'dem arrangement must accordingly be 
charged to the high drag of the rear portion of the 
nacelle. In view of the satisfactory propulsive effi-
ciencie , the study of new types of cowling or, perhaps, 
relocations of the rear engine should result in improved 
performance. 
Two of the various schemes that have been advanced 
for improvement in the shape of tandem-propeller 
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nacelles are: (1) The mounting of two tractor engines 
in tandem, and (2) the mounting of the pusher engine 
forward of the tractor engine in such a manner that 
the two propellers face each other. Both these 
schemes, as well as various others that have been pro-
posed, would undoubtedly involve serious cooling 
problems, and since no tests are known to have been 
made on them the results that might be obtained 
through the use of radical types of cowling are entirely 
problema.tical. It is thought, however, that there are 
good possibilities of discovering a nacelle cowling com-
bination for tandem-engine nacelles that would give 
a lower drag than conventional arrangements. 
PITCH-SETTI G RATIO 
In conventional tandem arrangement of engines and 
propellers it is generally desirable for the pitch settings 
of the two propellers to be such that both engines will 
turn at the same revolution speed at full throttle. In 
this series of tests the pitch of the two propellers was 
adjusted in each case to give equal power coefficients 
at the point of peak propulsive efficiency and, as it 
can be shown that for propellers of the same diameter, 
both driven by engines with equal torque character-
istics, 
r.p.m. front propeller IGprear 
r.p.m. rear propeller = V GprroDe 
it is evident that when the power coefficient of both 
propellers are the same the propellers are bo th turning 
at the same revolution peed. The re ults of these 
tests indicate that no absolute ratio of pitch settings 
can be determined to fit all cases, because the required 
ratio is different for each nacelle location. Test re-
sults do indicate, however, that for any given nacelle 
location the pitch setting of one propeller is practically 
a straight-line function of the pitch setting of the other. 
Figure 22 shows the relation between the pitch etting 
of the rear propeller and the pitch setting of the front 
propeller for several typical cases. 
DESIGN CONSIDERATIONS 
There is no definite relation between engine power 
and engine diameter; consequently no definite ratio of 
nacelle drag to motor power can be established which 
will be generally applicable. For any given nacelle-
propeller combination in which the nacelle shape and 
location are similar to those considered in this report 
the designer may, from the data presented, determine 
quite accurately the drag of the full- cale nacelle. The 
values of propulsive efficiency as obtained here should 
be practically the same as those that would be obtained 
from full-scale pTopeller tests and, as long as the ratio 
of propeller diameter to nacelle diameter is nearly the 
same, the values may be applied to full-scale propellers 
with little error. 
72600-35-3 
Knowing the nacelle drag and propulsive efficiency, 
the designer may for his particular case determine the 
power available after the drag of the nacelle ha been 
accounted for. 
No data are available for determining how the slip-
stream lift as obtained in these tests may be applied to 
full-scale airplane design. The results of the e te ts 
indicate the relative eIl'ects of the propellers on the 
wing lift, but judgment must be used in applying tho e 
results to airplane design. 
CONCLUSIONS 
1. With tandem propellers the e1Iects on net effici-
ency of nacelle shape and cowling are of equal import-
ance with those of nacelle location. 
2. In general, tandem-prop eller-nacelle po itions 
below the wing and positions in the wing are of about 
equal merit, and both are greatly superior to po itions 
above the wing. 
3. Conventional tandem arrangements of radial air-
cooled engines do not give as good net efficiencie as 
can be obtained by the use of two tractor-propeller 
in tallations of the same general arrangement. 
4. The net efficiency of a tandem-nacelle-propeller 
combination is not greatly afIected by fore-and-aft 
location of the nacelle with reference to the wing. 
LANGLEY 1IEMORIAL AERO~AUTICAL LABORATORY, 
ATIO~AL ADVISORY COMMITTEE FOR AERONAUTIC 
LA ' GLEY FIELD, VA., January 17, 1934. 
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TABLE I 
LIFT COEFFICIENT WITHOUT PROPELLER 
lift 
CL = qS 
Engine cowling 
Nacelle Type 01 50 m.p.h. RN.=2,l50,OOO 75 m.p .h . RN. =3,220,000 100 m.p.h. R.N. =4,300,000 position nacelle 
Front Rear 
Angle 01 attack ...••••... _ ...........•••••...••••..•••••........... _5° 0° 5° 10° _5° 0° 5° 10° -5° 0° 5° 10° 
-------------------------- --- --






I-A Large ....• .A.C.A. hood •• ••. Ring 5° ..•......•... .167 .400 .633 .868 . 153 .387 .620 .856 .134 .370 .601 .840 
2-A ••. do ....•• •. . _.do ....•..•...... .•... do .............. .170 .383 .605 .850 .167 . 383 .600 .848 .162 .385 . 607 46 
.• . do._ .... ..... do .........•.... Exposed cylinders ..• .175 . 380 .619 .854 . 165 .377 .613 .848 .149 .375 .600 40 
.. . do ..•... Exposed cylinders ... ..... do. - .•.......... .145 .384 :m .846 .144 .378 .608 .842 .142 .370 .598 40 SmalL .•.. ..... do .............. ..... do ...•.......... .172 .395 .850 . 155 .380 :~ .845 .130 .363 .597 .842 .• . do .. _ ..• N.A.C.A. hood .•••. Ring 5° ... .......... .153 .380 .618 .842 . 140 . 370 .833 .123 .358 .588 20 
.•. do .. _ ... Ring 0° ... ....•..... ..... do . ............. .140 .374 .605 .842 .140 .370 .602 .833 .140 .368 .598 20 
3-A Large ....• N.A.C.A. hood .•.•.• . .... do ....•......... . 154 .366 .610 .833 .150 .367 . 610 .830 .146 .367 .610 .830 
4-A ._.do .. _ .•. ....• do ...........•.. ..... do .. _ ....... _ ... .166 . 402 .628 .852 .148 .385 .615 .848 .124 .360 .598 .840 
.•. do .• _ ... .• .•. do .............. Ring 0° ............. . 155 .368 .615 .850 .154 .374 .610 .848 .153 .385 .607 43 
I-D ._ .do ...... ..•.. do .......•...... Ring 5° .. ........•.. .167 .390 .833 83 . 157 .380 .624 .848 .143 .368 .610 .830 
2-D . _.do ••.... . . •.. do ............ .. Ring 0° .. ........... .160 .380 .607 . 830 .154 .374 .604 . 830 .148 .370 .600 .828 
. .. do ...... .. ... do._ ..•..•...... Ring 5° ..... ........ .173 .398 . 613 .840 .162 .388 .600 .836 .145 .373 .598 . 830 
. _.do .•.... " ._.do. __ ., .....•..• Ring 10° ............ .160 .382 .618 .838 .158 .380 .610 38 .157 .378 .598 .838 
. _.do ...... ..... do .............. Exposed cylinders ... .178 .400 .628 48 .165 .390 .624 .846 .150 .375 . 616 .845 
... do ...... Exposed cylinders ... ..... do .............. .170 .390 .620 :853 .183 .388 . 615 .848 .152 .380 .607 .842 
... do .....• Ring _5° ........... ..... do •........... .. .174 .388 .625 42 .168 .388 .620 .840 .160 .382 .608 .838 
... do ....•• Ring _!00 .•........ ..... do .............. .173 .408 .613 :846 .164 .396 .605 .843 .153 .380 .590 40 
. .. do .. _ ... Ring -15° .......... ..... do •.........•... .1 0 . 406 .615 40 .170 .394 :~~ .838 .155 .376 . 605 :835 Small ..•.. Exposed cylinders ... ..... do .............. .1 3 . 3~~ .620 .850 .170 .395 .850 .160 . 392 .614 50 
... do ...... ... .. do .............. Ring !00 ....... ..... .175 .403 .632 45 .170 . 395 .620 :~~ .160 . 390 .606 .840 ... do .. .... .... . do ....... •.• .... ~t~~ g:::::::::::::: .180 .403 .620 :838 .175 .396 .614 .168 . 388 .607 .838 ... do .. _ ... . .... do .............. .174 .400 .623 .846 .166 .395 .614 .842 .157 .390 .605 .838 
... do .. _ ... ..•.. do ....•. .•...... ~~~ =~~o:::::::::: .172 .400 .620 .840 .170 .397 .618 .840 .167 . 390 .612 40 ... do .. _ ... ..•.. do .. _ . ...•...... .1 5 .400 .617 .850 .177 .400 .617 .850 .170 .400 .617 50 
... do. __ .•• Ring 4° ............• Exposed cylinders ... .190 .400 .632 40 .170 .390 .624 40 .168 .380 .615 .840 
... do ...... Ring 0° . ............ . .... do ........ .... .. .187 .406 .632 40 .180 .396 .625 .840 .178 .384 .617 .840 
... do._ .... Ring _ 5° ........... ..... do ...... ........ .177 . 400 .620 55 .170 .395 . 635 50 .164 .395 .615 .844 
..• do . _ . ... Ring -8° ........•.. ..... do ........ ...... .190 .397 .630 48 .175 .395 .626 .848 .158 .384 .624 .848 
... do._ ..•. Ring _!00 ... •...... ..... do ...... ........ .194 .410 .630 .864 . 1 4 .396 .623 .856 .170 .384 . 613 .848 
... do._ •... Ring 4° .... ....... .. Ring 5° ..........•.. .167 .395 .625 .845 .167 .393 .615 .835 .165 . 390 . 605 .820 
... do._ .•.. Ring _5° .........•. ....• do .............. .1 7 .404 .630 .837 .178 .384 .617 . 834 . 170 .383 .600 .834 
... do ..•... Ring 0° ... .......•.. ..... do .............. .168 .385 .615 .843 .170 . 388 .610 .840 .170 .390 .600 .830 
. .. do ...... ..... do .............. Ring 10° ......•..•.• . 174 .400 .625 .840 .168 .392 .620 .835 .158 . 382 .613 .830 
. . . do. __ ... ..... do .........•.... Ring 0° .. ...•....... . 190 .400 .630 44 .1 4 .395 .625 .840 .175 .390 .615 .838 
3-D Large ...•. N.A.C.A. hood ..... Ring 5° ..... .. _ .• ... .148 .378 .605 20 .148 .378 .595 .825 .150 .378 .585 20 
4-D . .. do. __ ... ...•. do ..•......•.... .. .. . do .............. .153 .3 6 .606 .830 .148 .380 .600 .830 .140 .375 . 594 28 
1-C .•. do ...... ..... do .............. .... . do .............. .154 .3 0 .616 .860 .147 .375 .610 .855 .138 .370 .605 .850 
SmaIL ••.. Exposed cylinders ... Exposed cylinders ... . 158 .366 .577 .743 . 158 .363 .570 . 740 .158 .360 .563 .735 
... do ...•.. Ring 0° ...... .. . •... Ring 5° ........•.... .155 . 357 .560 .713 .145 .355 .558 .728 .135 .353 .550 . 720 
2-C Large . •... N.A.C.A. hood ••.•. ..... do .. _ ........... . 178 .404 .635 64 .168 .395 .630 .863 .152 .385 . 622 .863 
3-C _ .. do •.. . .• .•.. . do .............. ..... do ...•.......•. _ .155 .404 .618 .848 .145 .385 .610 .840 .135 .365 .598 .834 
THICK WING- VARIOUS RADIAL-ENGINE COWLINGS--TANDEM PROPELLERS 19 
TABLE II 
DRAG COEFFICIENT WITHOUT PROPELLER 
C _dr ag 
D- qS 
Engine cowling 
Nacelle Type of 50 m.p.h. R.N.=2,150,000 75 m.p.h . R.N. =3,220,000 100 m.p.h. R.N. =4,300,000 position nacelle 
Front Rear 
Angle of attack .•......••.•... ........••............•••............ _5° 0° 5° 10° _5° 0° 5° 10° _5° 0° 5° 10° 
---------------------------------
Wing alone 0.0180 0.0425 0.0830 0.1440 0.0175 0. 0415 0.0825 0.1440 0.0165 0.0405 0.0825 0. 1440 
------I------------------------- ---
l-A Large ..... N.A.C.A. hood ..•.. Ring 5° ............. .0362 .0577 .0998 .1598 .0350 .0570 .0988 .1588 .0335 .0560 .0975 .1575 
2-A ... do._ .... ..... do ......••...... .... . do __ ............ .0342 .0562 .09 0 .1625 .0338 .0560 .0978 .1608 . 0324 .0558 .0970 .1586 
..• do._ .... ... _.do .............• Exposed cylinders ... .0374 .0590 .0995 .1640 .0360 .0580 .0990 .1030 .0350 .0568 .0990 . 1617 
... do ...... Exposed cylinders ... ....• do ..... ..•...... . 0410 .0640 .1063 . 1700 .0409 . 0633 .1060 . 1698 .0405 .0622 .1043 .1697 
SmaiL ......... do ..••.•........ ....• do .............• .0455 .0690 .1130 .1765 .0448 .0680 .1115 .1750 .0440 .0665 .1095 . 1738 
••. do ••.... N.A.C.A. hood ....• Ring 5° ••........... .0415 .0655 .1140 .1770 .0412 :~~~ .1133 .1762 .0408 .0650 .1125 .1747 
. .. do .....• Ring 0° ....•........ ....• do ...........••• .0455 .0690 .1153 .17 0 .0440 .1140 .1770 .0420 .0658 .1128 .1760 
3-A Large .•. _. N.A.C.A. hood ..... ..... do .............. .0340 .0578 .1020 .1635 .0338 .0570 . 1010 .1620 .0330 .0560 .1000 .1603 
4-A . .. do ........... do .............. ...•• do .............• .0380 .0610 .1027 .1640 .0363 .0590 .1015 .1628 .0340 .0570 .0995 .1608 
. .. do ...•.. ..... do .•............ Ring 0° ............. .0370 .0585 .1025 .1638 .0360 .0580 .1005 .1620 .0340 .0570 .09 5 .1595 
1-B :::::~~~::t:::::: :~::::::: :::: Ring 5° ............. .0290 .0490 .0900 . 1480 .0285 .0485 .0890 .1473 .0280 .0478 .0878 .1460 2-B Ring 0° •............ .0305 . 0510 .0905 .1482 .0300 .0498 .0900 .1470 .0300 .0480 . 0895 .1455 
.. • do. _ . •.• .•.. . do .......•...... Ring 5° .•........... .0295 .0495 .0902 .1478 .0290 .0485 .0890 .1430 . 0280 .0475 .0878 .1440 
.. ,do __ ••.. .... . do ••....... ..... Ring 10° ...........• . 0310 .0495 .0890 .1465 .0300 .0485 .0880 .1430 .0285 .0475 .0875 .1450 
.. . do. _ ... _ 
...•. do .• ............ Exposed cylInders ... .0320 .0415 .0920 .1505 .0315 .0510 . 0915 .1495 .0315 .0505 .0910 .1480 
. .. do .....• Exposed cylinders ... ..... do .............. .0380 .0560 .0960 . 1530 .0375 .0558 .0950 .1520 .0365 .0548 .0935 .1500 
... do .... _. Ring _5° .•......... .... . do .............• .0385 .0555 .0950 .1540 .0380 .0545 .0940 .1530 .0366 .0535 .0930 .1515 
_ .. do ....•. Ring _10° . . ........ . .... do ...........•.• .0370 .0540 .0940 .1530 .0355 .0535 .0935 .1510 .0340 .0530 .0930 .1485 
... do._ ..•. Ring -15° .......... ...•. do .............. .0365 .0555 .0960 .1530 .0360 .0550 .0950 .1520 .0350 .0540 .0935 .1505 
SmaiL .... Exposed cylinders ... .... . do .............. .0410 .0598 .0995 .1575 .0405 .0592 .0990 . 1590 .0400 .0580 .0980 .1560 
.. . do._ .... ....• do._ ............ Ring 10° .......•.... .0420 .0595 .09 0 .1530 .0415 .0590 .0980 . 1525 .0408 .0593 .0980 .1520 
... do ...... ..... do .............. Ring 5° ... .•....•.•• .0410 . 0595 .0975 . 1525 .0405 .0585 .0965 .1520 .0400 .0582 .0960 .1515 
... do ..•... ..... do .............. ~l~~ ~5° ~~~::::: ::: .0410 .0580 .0975 . 1560 .0405 .0580 .0970 . 1540 .0400 .0585 .0963 . 1520 . .. do ..•••. ..... do •••........... .0402 .0585 .09 0 .1560 . 0400 :8s~ .0980 . 1550 . 0398 .0585 .0980 . 1540 ... do._ •... . ... . do .•... ......... Ring _10° .......•.. .0414 .0600 . 1020 . 1580 .0405 .1000 . 1570 .0400 .0603 .0980 .1560 
... do._ ••.. Ring 4° ............. Exposed cylinders ... .0465 .0645 .1030 .1615 .0463 .0640 .1030 .1595 .0460 .0645 .1030 .1565 
.•. do ...... Ring 0° ..........•.. . .... do .............. .0424 .06~ .1000 .1560 .0422 .0608 .0999 .1558 .0420 .0603 .0995 .1555 
... do ...... Ring _5° .. . ........ ..... do._ .........•.. .0415 .057 .09 0 .1560 .0407 .0570 .0980 . 1560 .0400 .0566 .0970 .1560 
. .. do ...... Ring _ 0 ••••••••••• ..... do .............. .0390 .0575 .0980 .1530 .0380 .0570 .0975 .1525 .0385 .0566 .0960 .1520 
... do ...... Ring _10° ....•.•... . .... do_ ............. .0395 .0588 .0990 .1580 .0390 .0580 .0980 .1565 .0380 .0580 .0965 .1545 
... do ...•.. Ring 4° ..•.......... Ring 5° ..........•.. .0480 .0650 .1015 .1570 .0470 .0640 .1010 .1570 .0460 .0637 .1005 . 1560 
..• do._ .... Ring _5° ........... ..... do ..........•... .0390 .0570 .0950 .1530 .0380 .0560 .0950 .1520 .0370 .0559 .0940 .1505 
. .. do __ .••. Ring 0° ....•........ ..... do .............. .0440 .0615 .0995 .1560 .0430 .0605 .0985 .1545 .0420 .0595 .0975 .1525 
... do._ .... ..... do ...•.•..•..... Ring 10° ............ .0455 .0615 . 0995 .1560 .0445 .0610 .09 5 . 1545 .0430 .0600 .0975 .1535 
.•. do._ .... .... . do. _ ............ Ring 0° ............. . 0430 .0605 .1000 .1560 .0425 .0600 .0995 .1545 .0420 .0595 .0985 .1525 
3-B Large ..... . A.C.A. hood ..... Rillg 5° •............ .0325 .0495 .0 75 .1460 .0320 .0495 .0875 .1450 .0310 .0490 .0880 .1440 
4-B ••• do._ .... ...• . do .............. .•... do ...•.•........ .0325 .0500 .0885 .1450 .0315 .0490 .0880 .1450 .0295 .0480 .0870 .1450 
l-C ... do ...... .•... do .............. ..... do ._ ..... ..... .• . 0295 . 0488 .0895 .1500 .0285 .0480 .0890 .1490 .0270 .0460 .0880 .1480 
SmalL. ... Exposed cylinders ... Exposed cylinders ... .0400 .0555 .09 5 .1620 .0390 .0540 .0970 .16\5 .0375 .0525 .0950 .1605 
... do. _ .... Ring 0° ............. Ring 5° •...........• .0385 .0575 .0440 .1580 .0375 .0560 .0840 .1570 .0365 .0540 .0940 .1550 
2-C Large ..... .A.O.A. hood._ ... ..... do._ ............ .0285 .0510 .0930 .1515 .0275 .0495 .0910 .1515 .0260 .0480 .0890 .1515 
3-0 .•• do ...... .... . do .............• ..... do ......... ... .. .0300 .0495 . 0895 .1510 .0285 .0475 .0880 .1490 .0270 .0455 .0855 .1460 
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TABLE III 
MOMENT COEFFIClE T WITHOUT PROPELLER 
Tacelle 





I-A I Large __ ____ ___ ________ N.A.C.A. hood _________________ Ring 5° ------ --------- ----------
2-A _____ do ______________________ do _____________ ____ ________ _______ do __________________________ _ 
_____ do _____ _____________ ____ do _________ __________________ Exposed cylinders __ ___ __ _______ _ 
_____ do_____ _ _____ ____ __ Exposed cylinders __ __________________ do __________________________ _ 
Sma1L __ __________________ _ do ________________________________ do ________________ •..• __ ._ ••• 
• ____ do ___ ___ • ___ __ ._._. .A.C.A. hood_ .. __ ____________ Ring 5°. _____________________ ..• 
_____ do ___ ._____________ Ring 0° _______________ _______________ do __ . ____________ . __________ _ 
3-A Large_ ____ ___________ _ .A.C.A. hood _____ _______ • ___ • _____ do ____ ___ . ______ • __________ ._ 
4-A _____ do_. _______ _____ _______ _ do __ . _____________________________ do. __ . _______ . ____________ . __ 
__ . __ do ______________________ do. ______ .___________________ Ring 0° ________________________ _ 
1-B _____ do ____ _____ _____ _______ _ do_________ _______ ___________ Ring 5° ________________________ _ 
2-B _____ do ______________________ do_____________________ ___ ___ Ring 0° ________________________ _ 
_____ do ______________________ do___________________________ Ring 5° ______ ___________ ______ _ _ 
_____ do _____________________ _ do___________________________ Ring 10° ___ _______ ____________ _ _ 
_____ do _______ _________ _ _____ do_______ __ __ __ _____ _______ __ Exposed cyiinders __ ____________ _ 
_____ do_____ ____ _______ _ Exposed cylinders ____________________ do __________________________ _ 
_____ do_________ ________ Ring _5° _____________ ____________ ___ do __________________________ _ 
_____ do____ __ ________ ___ Ring _10° __________ _____ ____________ do __________________________ _ 
_____ do____ __ ___________ Ring -15° _______ _____________ _______ do _____________ _____________ _ 
SmalL _______________ Exposed cylinders _________________ __ _ do __________________________ _ 
_____ do ______________________ do_______________ _______ ___ __ Ring 10° _______________________ _ 
_____ do ______________________ do_________________ _____ _____ Ring 5° __ __ ____________________ _ 
_____ do ______________________ do______________ ___ _______ ___ Ring 0° ________________________ _ 
_____ do ______________________ do_____________ _____________ _ Ring -5° __________ ____________ _ 
____ .do ____ _______ ___________ do_______ ___________ _________ Ring _10° _____________________ _ 
_____ do _________________ Ring 4° _________________________ Exposed cylinders ______________ _ 
_____ do_________ __ __ ____ Ring 0° __ ____________________________ do ___ _______________ ________ _ 
__ ___ do____ __ ___ _____ ___ Ring -5° ____________________________ do __ ____________ ___________ _ _ 
____ _ do_ ___ __ ________ ___ Ring -8° ____________________________ do __________________________ _ 
:::::~~::::::::: :::::::: ~l~~ 40 ~~~ ~~: ::::: :::::::::::::: -RiD~~;'-_-:: :: ::::::: ::::::::: :::: 
_____ do_________________ Ring -5° _______ ____ _________ ________ do __ __ ______________________ _ 
_____ do_______ _____ _____ Ring 0° ______________________________ do ______________ ___ _________ _ 
_____ do ___________ __ ______ ___ do_________________________ __ Ring 10° _______________________ _ 
_____ do ___________ ___________ do_____________________ ______ Ring 0° ___ _____________________ _ 
3-B Large __ __ ___ ________ __ N.A.C.A. hood _________________ Ring 5° ________________________ _ 
4-B _____ do _________ _____ _______ _ do _____ ______________ _____________ do __________________________ _ 
1-C _____ do ______________________ do ________________________________ do __________________________ _ 
SmaIL ________________ Exposed cylinders ___________ ____ Exposed cylinders ______________ _ 
_____ do_________________ Ring 0° _ _ _ _______________ _____ __ Ring 5° ________________________ _ 
2-C Large_ ________________ N.A.C.A. hood _________________ ___ __ do __________________________ _ 













































Angle of attack 
0° 5° 10° 
---------
-0.067 -0.063 -0.066 
---------
-.063 -.063 -.072 
-.060 -.055 -.063 
-.059 -.058 -.063 
-.056 -.056 -.056 
-.058 - . 059 -.062 
-.053 -.055 -.055 
-.053 -.050 -.053 
-.054 -.051 -.056 
-.055 -.057 -.058 
-.054 -.053 -.057 
-.063 
-.064 -.071 
- .070 -.068 -.070 
-.070 -.067 -.072 
-.069 -.068 -.072 
-.072 -.071 -.073 
- . 071 - .069 -.074 
- .070 -.071 -.076 
-.072 -.070 -.071 
-.071 -.071 -.073 
-.071 -.074 - .076 
-.070 -.069 -.074 
-.070 -.071 -.074 
-.070 -.068 -.074 
-.070 -.070 -.075 
-.070 -.069 -.076 
-.074 -.076 -.082 
-.076 -.074 -.075 
-.073 -.074 -.074 
-.073 -.072 -.073 
-.074 -.072 -.076 
-.072 -.071 -.077 
-.070 -.069 -.072 
-.073 -.071 -.072 
-.073 -.074 - .074 
-.072 -.071 -.075 
-.075 -.073 -.075 
-.071 -.066 -.070 
-.066 -.055 -.056 
-.066 -.063 -.073 
-.062 -.053 -.061 


















































TRReST COEFFICIENT, CT= ;:n~2~~ 
AXGLE OF AT'l'ACK=-5° 
Front propeller: Right hand no. Hl2--Hoot diameter. Rear propeller: Lelt hand no. 441~-loot diameter 














___ . ",., R:" ~I~~I~~~~~~ F~' R:·I~L·:'J_':~J~~I~I~~~I~I_l_.1_ 
I-A I t.arge __ J N.A.C.A. hOod __ j Ring 5 __________ --' 17.0 17.00.1588,0.148110.1343 0. 1169 O. 0973,0. 07480. 05050. 0225 -0. 0103 22.0 22.0,0.180810. 175710.168210. 158110.144810. 1276,0.106510. 0838,0. 0590,0. 03041-0. 0041 
2-A I ___ do __________ do ___________________ do _____________ _ 
___ do __________ do ______________ Exposed cylinders __ 
___ do _____ Exposed cylinders _______ do_. ___________ _ 
SmaIL ________ do ___________________ do _____________ _ 
___ do _____ N.A.C.A. hood ____ Ring 5° ___________ _ 
___ do_____ Ring 0° _________________ do ___ . _________ _ 
3-A 1 Large ____ N.A.C.A. hood _________ do ______ _______ _ 
4-A ___ do __________ do ___________________ do _____________ _ 
___ do __________ do ______________ Ring 0° ___________ _ 
~~: I:::::::::: ::::::::::::::::::::: :::::::: :::::::::: 
:::~~: ::: : : ::: -~~:::::::::::::: ~:~~ ~~o::::::::::: 
___ do ______ . ___ _ do ______________ Exposed cylinders __ 
___ do _____ Exposed cylinders _______ do _____________ _ 
__ _ do_ ____ Ring -5° __________ _____ do _____________ _ 
___ do _____ Ring _10° ______________ do ____ ______ ___ _ 
__ _ do _____ Ring -15° _________ _____ do _____________ _ 
SmalL __ Exposed cylinders _____ __ do _____________ _ 
~~~jE~~~ ~~~~~IEm~mm~ li~1 ~~~~II~I~~m 
___ do_____ Ring 4° ____ ________ Exposed cylinders __ 
___ do _____ Ring 0° _________________ do _____________ _ 
___ do _____ Ring _6° _______________ do _____________ _ 
___ do _____ Ring _8° ___________ ____ do _____________ _ 
___ do _____ Ring -10° ______________ do ___ __________ _ 
:::~~::::: ~l~~ ~50:::::::::: _~~~~t-_::::::::::: 
: ::~~::::: _~~~~2~:_::::::::::: -Ri,;~~oo-::::::::::: 
__ do __________ do ______________ Ring 0° ___________ _ 
:: I-~::~--::: _:~i~~~~~:_~:~ ___ ::: _~~~::~~_~:::::::::: 
1-0 ___ do __________ do __________ ______ ___ do ____________ _ 
SmaIL __ Exposed cylinders__ Exposed oyllnders __ 
___ do _____ Ring 0° ____________ Ring 6° ___________ _ 
2-0 I Largo ____ N.A.O.A. hood _________ do _____________ _ 



















.1468 .1335 .ll50 
.1460 .1320 .1144 




.1410 .1300 .1128 
.1449 .1310 .1140 
.0957 .0742 .0498 .0223 
.0944 .0720 .0477 .0210 
.0969 .0754 .0517 .0256 
.0904 .0695 .0467 .0300 
.0928 .0714 .0183 .0210 
.0951 .0750 .0521 . 0263 
-.0098 20.8 22.0 .1830 .1770 . 1687 .1578 .1432 .1254 .1048 .0820 .0573 _0292 -.0025 
-.0087 20.8 22.0 .1819 .1772 .1697 .1598 .1453 .1260 .1043 .0808 .0561 .0280 - . 0027 
- .0043 20.8 22.0 .1820 .1755 .1670 .1557 .1412 .1238 .1045 .0833 .0604 .0352 .0100 
-.0090 20.8 22. 0.1748 .1707 .1635 . 1540 . 1406 .1230 .1020 .0800 .0567 .0310 .0046 
-.0090 ___ _________ _ ____________________ ______ __________________________________________ 
-.0043 21. 2 22. 0 .1860 .1806 .1728 .1625 .1488 .1315 .1110 .0890 .0665 .0419 .0150 



























l~:~ -~:~~~ -::~~I-::~~II-: :::~ -:~~~t~:~ -:~~~t~~ -~:~~t-~::~ --~J::~:: -: ::~~ -::~:~ -~:~~~ -~:~~~ -~:~~t:~~ -:~~:t~~: -:~~:t-:~:~ 
17.0.1518 .1160, .131_ .lllO .0957 .0745 .0510 .0245 -.0085 21.8 22.0.1835.1785.1706.1600 .1458 .1280 .1069 .0847 .0612 .0320 .0006 
16.8 ________________________________________________________________________________________________________________________________________ _ 
tg:~ _~ :~~~ _~ :~:~Ii-~:~~ -:::~~ -:~~~ -:~:~~ -:~~~~ -~~~~ -~~~~~ ---~:~~ --~~~ -~~~~ -~::~: -~~:~ -::~: -~:~~~ -::~ -~~~~ -~~~~~ -:~~~ -:~~~ ---:~~~ 
16_8 _1554 _IH7 .1305 _1135 _0942 _0727 _0495 _0230 -_0070 21.2 22.0.1805 _1750 .1672 _1565 .1430 .1262 _1065 .0843 _0600 _0338 _0052 
10_ 8 .1554 _ 14-14 _ 1303 _ll40 .0960 _ 0755 _ 0532 _ 0290 -_ 0012 21. 2 22. 0 _ 1800 _ 1760 _1690 _ 1598 _1474 .1311 .lllS _ 0898 _ 0660 _ 0420 _ 0175 10_8 ________________________________________________________________________________________________________________________________________ _ 
10_8 ___ ___ ____ __ _______ ___ __ ______ ___ ____ ___ _____ ___________ _____________ ___ ________________________________________________________________ _ 
16.8 ___ ____ __________ _ _______ ___ _______________ ______________ _____ _______ __________ __________ _____ ___ ____________ _________ __________________ _ 
17_ 0 _ 1501 _ 1386, _ 1250 _ 1102 _ 0929 _ 0724 _ 0498 _ 0249 _ 0005 21. 1 22.0 _ 1766 _1712 .1633 _ 1540 .1408 .1240 _ 1050 _ 0846 _ 0620 _ 0370 _ 0115 17_ 0 ___ ___ ______ . ______ ' __________ _____ __ __________ ___ _________ ______________________________ ____________ ___ __________________ ________________ _ 
17_ 0 ___ ___ _____ _ __________ ____ ___________________ _______ ___ ________________________________ __ ____ ____________________________ ___ ____________ _ 
17.0 _____________ ___ ______ ______ _____ __________ ____________________ ______ ____ ____________________ ___ ___ ___ ________________________________ __ _ 
17.0 _____________________ _____ _______ ___ _______ ___ ________________________ _______________________ __ ____ __ ________ ___________________________ _ 
17_ 0 ___________ _ _____________ ___________ _________________ ______________ ___ ___________________ __ ________ ___ ___ ______ ___ ___ ______ _________ ____ _ 
17_ 0 _____ • ______ ___ _____ ____________________________________________________________________________________________________________________ _ 
17_ 0 _153 _1438 _ 1316 _ll60 _ 0971 _ 0762 _ 0537 _ 0283 _ 0010 ________________________________________________________________________________ _ 
17_ 0 _1546 _ 1435 _ 1295 _ 1132 _ 0957 . 0758 _ 0534 _ 0281 _ 0036 21. 1 22_ 0 _ 1811 _ 1755 _ 1678 _ 1572 _ 1442 _1280 _1099 _ 0893 _ 0655 _ 0400 _ 0141 
17.0 _1520 _ 1422 _ 1286 _1124 _ 0939 _ 0740 _ 0511 _ 0246 -_ 0040 21. 1 22_ 0 _1777 .1718 _1638 _1535 _1405 _1243 _1060 _ 0844 _ 0610 _ 0360 _ 0100 
17_ 0 _1532 _ 1422 _ 1285 .U2O _ 0941 _ 0743 _ 0510 _ 0251 -_ 0020 21. 1 22_ 0 ,1779 _1730 _1659 _1560 _1429 _1250 _1060 _ 0855 _ 0645 _ 0390 _ 0128 
It !!~~~f:f ~~~~~f:~~~~ ~~~~~~ ~~~~~~ ~~f~~~ ~~ff~~ ~~~~~~ ~~~~~ ~~~~~~~I~~~~~~ ~~~ff~I~~~~~~ ~~m~I~~~~ff ~~~~~~I~~~~~~ ~~~~~~I~~ff~ ~~f~~I~~f:~~ ~~~~f~~~ 
15_ 7 17_ 2 _ 1518 _ 1110 _ 1299 _ 1127 _ 0931 _ 0719 _ 0494 _ 0223 -_ 0070 20_ 8 22_ 0 _18141 _1744 _ 1662 _1551 _1408 _1202 _1027 _ 0808 _ 0566 _ 0299 _ 0033 
16.1 17_ 0 _1563 .1461 _ 1327 _U60 .0970 _ 0770 _ 0549 _ 0292 _ 0000 21. 3 22_ 0 _ 1830 _1788 _1702 _ 1600 _1462 _1285 _1090 _ 0880 _ 0659 _ 0408 _ 0130 
15_ 8 17_ 0 _1498 _1388 _ 1252 _ 1093 _ 0919 _ 0726 _ 0519 _ 0289 _ 0024 21. 0 22.0 _ 1763 _1705 _1626 _1522 _1390 _ 1220 _103~ .0830 _ 0608 _ 0368 _ 0123 
14_ 7 15.6 _1428 _1299 _1151 _ 0994 _ 0822 _ 0645 _ 0451 _ 0225 -_ 0035 21. 2 22_ 0 _ 1742 _ 1695 _1627 _ 1534 .1416 _1262 _ 1094 _ 0914 _ 0724 .0.519 _ 0288 14_ 7 15.6 _ 1418 _ 1298 _ 1157 _1003 _ 0840 _ 0663 _ 0471 _ 0257 _ 0003 ________________________________________________________________________________ _ 
15. 8 17.0 _ 1510 _ 1400 _ 1265 .1107 .0929 _ 0740 _ 0535 _ 0310 .0060 21. 0 22. 0,1765,1703 _ 1620 .1510 ,1380 _1220 .1045 .0856 _ 0648 .0430 _ 0185 








































TABLE I V-Continued 
T -t:.D THRUST COEFFICIENT, CT=~D4-Continued 
pnp 
ANGL E OF AT'l'AOK - Oo 
Front propeller : Right hand no. 4412--4-foot diam eter. R ear propeller: Left hand n o. 4412--4-foot diameter 
Nacelle 1 Type of 
position nacelle 
F ront 
E n gine cowling 
Rear 
P ropeller 










0.9 1 F ron t 1 Rear 1 0.1 1 0.2 1 0.3 1 0.4 1 0.5 1 0.6 1 0.7 1 O.S 1 0.9 1 1.0 1.1 
---I ,--,--,--'--'--1-_1 __ ' __ ' __ , ___ , ___ ' __ ' __ ' __ ' __ ' __ ' __ '--.-_ .--,--,--,---
I- A I Large ____ N.A.C.A. h ood _____ R ing 5° ____________ _ 
2-A ___ do ___ _______ do ___________________ do _______ ______ _ 
___ do __________ d o __ ____________ Exposed cylinders _ 
___ do_ ____ Exposed cylinders _______ d o ___________ __ _ 
SmaIL ________ do ___________________ d o _____ ______ __ _ 
___ do _____ N.A.O.A. h ood ____ R ing 5° ___________ _ 
___ do _____ Ring 0° _________________ do _____________ _ 
1l-A Large ____ N.A.C.A. hood _________ do _____________ _ 
-4-A ___ do __________ do _____________ _ _____ do ___ __________ _ 
___ do __________ do ______________ Ring 0° ___________ _ 
1-B ___ do __ ________ do ______________ Ring 5° ___________ _ 
2-B ___ do __________ do ___ ___________ Ring 0° ___________ _ 
___ do __________ do ______________ Ring 5° ___________ _ 
___ do __________ do ______________ Ring 10° __________ _ 
___ do __________ do ______________ Exposed cylinders __ 
___ do _____ EX13osedcylinders _______ do _____________ _ 
:J~::::: I~! :r~::::=::::: :::JL::::::::::: SmalL __ Exposed cylinders ____ ___ do _____________ _ 
___ do __________ do ______________ Ring 10° __________ _ 
___ do __________ do ______________ Ring 5° ___ ________ _ 
___ do __________ do ______________ Ring 0° ___________ _ 
___ do ___ ______ _ do ______________ Ring -5° _________ _ 
___ do __________ do __ ____________ Ring -10° ________ _ 
___ do _____ Ring 4° ____________ Exposedcylinders __ 
:J~::::: I!~! ~~~:::::::::: :::J~:::::::::::::: 
___ do ____ _ Ring -10° _____ _________ do _____________ _ 
___ do _____ Ring 4° ____________ Ring 5° ___________ _ 
___ do _____ Ring _5° _______________ do _____________ _ 
===~~===== _~~~~g~:_=========== -Riii~1oo============ ___ do __________ do _ ____________ ing 0° ___________ _ 
3-B I Large ____ N.A.C.A. hood ____ Ring 5° ___________ _ 
:~ I~~~::~~~~~ ~~~~~::~~:::::::::::: :~:::::::::::::::~::: 
SmaIL__ Exposed cylinders__ Exposed cylinders __ 
___ do _____ Ring 0° ____________ Ring 5° ___________ _ 
2-0 I Large ____ N.A.O.A. hood _____ __ __ . do ________ _____ _ 
17.0 17. 00. 15730. 1475 0. 1325 0. 115 0. 094S 0. 0720 0. 0469 O. 0169 - 0. 0163 22. 0 22. 00.18350.17800. 1696 0.1585 0.14400. 1258 0.10400. 0817 0. 0550 0. 0265 _______ _ 
15. 9 17. 1 .1576 .1458 .1324 . 1148 . 0941 . 0717 .0467 . 0178 -. 0150 20. 8 22. 0 . IS25 . 1765 .1581 .1570 . 1425 . 1248 . 1033 . 0792 . 0530 . 0250 - 0. 0060 
15. 9 17. 1.1561 . 1458 . 1313 .1140 . 0931 . 070S . 0460 . 0170 -. 0130 20. 8 22. 0 .1830 . 1769 . 1680 . 1568 .1414 . 1220 . 1010 .0780 .0524 .0240 -. 0090 
15. 9 17. 1 .1575 . 1460 . 1317 . 1140 . 0939 . 0734 . 0494 . 0220 - . 0070 20.8 22.0 .1845 .1779 . 1688 . 1570 . 1420 . 1238 . 1041 . 0832 . 0590 . 0300 -. 0010 
15. 7 17.0 . 1522 . 1405 . 1258 . 1080 .0886 . 0685 . 0449 . 0176 -. 0100 20.8 22.0 . 1744 . 1600 . 1610 . 1507 . 1370 . 1203 . 1004 . 0776 . 0521 . 0245 _______ _ 15.8 16. 8 . 1576 . 1440 .1280 . 110 . 0909 . 069S _ 0470 . 0204 - . 0107 __________________________________________ _ _____________________________________ _ 
15. 8 16.8 . 1582 _1465 . 1320 . 1150 . 0959 . 0748 . 050S .0231 -. 0062 21. 2 22. 0 .1836 . 1797 . 1728 . 1632 . 1488 . 1310 . 1104 .0880 . 0642 . 0382 . 0095 
15. 9 17.8 . 1603 . 1490 .1345 . 1162 . 0956 .0722 .0475 . 0185 - . 0150 20.9 22.7 . 1838 . 1773 . 1687 .1571 .1420 . 1230 .1022 .0780 . 0507 . 0203 -. 0100 
15.9 17_ 0 .1550 . 1435 . 1289 .1118 . 0930 . 0714 .0480 . 0207 -. 0098 21. 2 22. 0 .1803. 1742 .1662 . 1552 . 1414 . 1239 .1035 . 0810 .0560 . 0280 - . 0020 15.9 17_ 0 _154S . 1428 .1278 . 1102 .0910 .0697 . 0469 . 0100 -. 0123 _________________ _______ _ ___________________________________ _ ___________________ _ 































16_ 8 . 1533 . 1426 . 1294 . 1134 .0956 . 0756 . 0532 . 0279 
16. 8 .1560 .1450 .1317 . 1150 .0959 .0750 . 0536 . 0285 
16_ 8 .1568 .1460 .1328 .1161 .0970 .0760 . 0541 .0296 
16.8 .1553 . 1435 . 1292 . 1125 .0940 .0742 .0523 .0275 
16.8 .1553 .1443 .1305 .1144 .0966 . 0770 .0556 .0316 
16. 8 .1562 .1454 .1317 .1150 .0962 .0760 .0550 .0323 
16.8 .1550 .1439 .. 1298 .1134 . 0950 .0752 .0530 .0293 
16.8 .1560 .1449 .1310 .1147 .0970 . 0772 .0556 .0310 
17.0 .1529 . 1418 . 1280 .1122 .0940 .0746 .0535 .0293 
17_ 0 .1577 . 1459 . 1318 .1162 .0996 .0807 .0589 .0340 
17.0.1555 .1435 .1305 .1160 .0990 .0804 .0580 .0328 
17.0 .1570 .1458 .131S .1155 . 0977 .07S1 .0570 .0339 
17_ 0 .1545 .1440 . 1308 .1144 . 0965 .0770 .0555 . 0320 
17.0 .1519 . 1406 .1270 .1111 .0940 .0750 .0542 .0303 
17_ 0 . 1530 .1430 .1308 .1171 .1000 .0S09 .0597 .0364 
17. 0 .1594 .1435 .1304 .1145 . 0968 . 0782 .0575 .0334 
17.0 .1,,28 .1401 .1262 .1124 .0962 .0764 .0542 .0300 
17.0 .1528 .1422 .1288 .1127 .0945 .0746 .0520 .0275 
17.0 .1585 .1420 .1284 .1128 .0944 . 0751 .0542 .0304 
17.0 .1586 .1471 .1344 . 1194 . 1026 .0841 .0632 .0397 
17.0 .1545 .1450 .1321 .1165 .0980 . 0776 .0550 .0314 
17. 0 .1562 . 1460 .1335 .1182 .1009 . 0814 .0603 .0369 
17.0 .1562 .1465 .1336 .1180 .0999 .0805 . 0596 .0363 
17.0 .1536 . 1432 .1307 .1153 .0979 .0794 .0586 .0347 
17.2 .1640 .1428 .1290 .1126 .0945 .0750 . 0524 .0264 
17.0 .1559 .1441l .1310 .1152 .0978 .0770 .0554 .0300 
17.0 .1497 .1387 .1250 .1085 .0907 .0710 .0505 .0278 
15.6 .14211 .1295 .1142 .0978 .0797 .0610 .0409 .0190 
15.6 .1419 .1295 . 1149 . 0987 .0816 .0640 .0462 . 0247 
17.0 .1514 .1403 . 1264 .1105 .0930 .0740 .0532 .0310 
.0000 _______________________________ , _________________ _ ____ _______________________ ___ _ _ 
- .0029 21. 2 22.0 .1826 .1773 .1700 .1600 . 1470 .1303 . 1107 .0894 .0660 .0403 .0137 
.0000 ____ ______ __ ____ _______________________ ___ ___ __ ____________________ ____ _________ _ 
-.0020 21. 2 22. 0 .lS20 .1779 . 1710 .1611 .1473 .1295 .1098 . OSS3 .0647 .0404 . 0156 
.0038 21. 2 22.0 .1825 .1778 .li08 .1613 .1488 .1325 . 1145 .0947 .0723 .0474 .0207 
.0060 ____________ _ _____________________ ____ ____ _________ __ _______________ ___ _________ _ 
_ 0017 __________ ______________________________________________________________________ _ 
.0035 ________________________________________________________________________________ _ 
.0025 21. 1 22.0.1792.1741.1666.1568 .1435 .1267 .1080 .0877 .0655 . 0419 .0166 
.0073 ____ ______ _____________________________________________ _____ _ _______ ____________ _ 
.0060 ________________________________________________________________________________ _ 
.0079 ________________________________________________________________________________ _ 
.0057 ________________________________________________________________________________ _ 
.0060 _________ _______________________________ _____________ ___________________________ _ 
.0100 ________________________________________________________________________________ _ 
.0081 ________________________________________________________________________________ _ 
.0032 21.1 22.0 .1795 .1750 . 1679 .1582 .1440 .1268 .1080 . OSSO .0652 . 0409 .0134 
.0005 21.1 22.0 .17S0 .1727 .1652 . 1548 .1411 .1244 .1048 .0850 .0638 .0385 .0120 
: m~ ===~~=~ ==~~:~ ==~~~~ ==~~~~ ==~~~~ ==~~~~ :=~~~~ =·=~~~~I==~~~ ==~~ ==~~~I ==~~~ :==:~~ 
.0100 21. 1 22.0.1803 .1762 .1696 .1610 .1490 .1340 . 1165 .0970 .0754 .0508 .023() 
.0100 ________________________________________________________________________________ _ 
.0080 ________________ _____ ______ ____ __ ____ ________________ ___________________________ _ 
-.0040 20.8 22.0 .IS20 .1764 .1683 .1578 .1433 .1246 .1047 .0830 .0600 . 0344 .0062 
.0020 21.3 22.0 .1798 .1748 .1675 .1580 .1452 .1281 .1078 .0864 .0638 .0394 .0120 
.0040 21.0 22. 0 .1739 .1675 .1590 .1482 .1353 .1193 .1016 .0815 . 0596 .0357 .0120 
-.0059 21.2 22. 0 .1743 .1690 . 1616 .1514 .1382 .1220 .1047 .0866 .0668 . 0453 . 0217 
.0008 ~ ... ---- ------ ------ ------ ------ ------ ----_. ----_ .. -- .. .--- ------ - ---_ .. ------ -_ .. _----
.0076 21. 0 22.0 .1755 .1700 .1625 .1521 .1389 .1228 .1040 .0844 .0630 .0403 .0170 































T-t:J.D THRUST COEFFICEINT, CT=~D4-Continued 
pnp 
ANGLE OF ATTAOK=5° 
Front propeller: Right hand no. 4412-4 foot diameter. Rear propeller: Left hand no. 4412-4-foot diameter 
















0.9 I Front I Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I 1.0 1.1 
----I 1---1--1--1--1--1--1--1--1--1--1 ___ 1 ___ 1 __ 1 __ 1 __ , __ , __ , __ , __ , __ , __ , __ , __ , __ _ 
I-A I Large ____ N.A.O.A hood _____ Ring 5° ------------
2-A ___ do __________ do __________________ do ____________ _ 
___ do _____ __ ___ do _____________ Exposed cylinders.. 
___ do_____ Exposed cylinders _ _____ do ____________ _ 
SmalL ________ do __________________ do ___________ __ 
___ do _____ N .A.O_A hood _____ Ring 5° __________ __ 
___ do _____ Ring 0° _________________ do ____ _______ __ 
3-A Large ____ N.A.O.A hood __________ do ___________ __ 
4-A ___ do __________ do _____________ _____ do ___________ __ 
___ do __________ do _____________ Ring 0° ___________ _ 
I-B ___ do __________ do _____________ Ring 5° ___________ _ 
2-B ___ do __________ do _____________ Ring 0° __________ __ 
:::~g::::: :::::~g::::::::::::: ~~~ ~~o::::::::::: 
___ do _________ _ do ______________ Exposed cylinders __ 
___ do _____ Exposed cylinders _______ do ____________ _ 
___ do _____ Ring -5° _______________ do ___________ __ 
___ do ____ _ Ring -10° ______________ do ___________ __ 
___ do _____ Ring -15° _____________ _ do ___________ __ 
SmalL __ Exposed cylinders _______ do ____________ _ 
___ do __________ do _____________ Ring 10° ___________ _ 
___ do __________ do ___________ __ Ring 5° __________ __ 
___ do __________ do____________ _ Ring 0° __________ __ 
___ do __________ do _____________ Ring _6° _____ ____ _ 
___ do __________ do _____________ Ring _10° __ ___ ___ _ 
___ do _____ Ring 4° ____________ Exposed cylinders __ 
___ do _____ Ring 0° _________________ do ____________ _ 
__ _ do _____ Ring -5° ________________ do ___________ __ 
___ do _____ Ring -8° __ _____________ do ____________ _ 
___ do _____ Ring -10° _______________ do ___________ __ 
__ _ do____ _ Ring 4° -- __________ 1 Ring 5° - ------ -----
___ do _____ Ring -5° ___ _____ _______ do ____________ _ 
-. __ do___ __ Ring 0° _______________ __ do ___________ __ 
__ do __________ do_ ____________ Ring 10° _________ __ 
















.1580 . 1460 





0.1332 0. 1144 0.0919 0.0680 0.0420 0.0120 
.1301 .lll0 .0903 .0729 .0418 .0132 
.1284 . 1100 .0899 .0679 .0429 .0130 
.1284 .1113 .0915 .0700 .0463 . 0190 
. 1285 .1059 .OS63 .0648 .0400 .0120 
.1274 .1096 .0903 .0697 .0471 .0214 
. 1295 . 1125 . 0939 .0730 .0488 .0210 
-0.0216 22.0 22.0 0.1803 0.1731 0.1640 0.1518 0.1368 0. 1190 0.0980 0.0750 0. 0480 0.0160 ._------
-.0155 20.8 22.0 .1848 .1771 .1670 .1540 .1380 .1188 .0978 .0740 .0470 .0183 -0.0115 
-.0204 20.8 22.0 .1846 .1771 .1672 .1543 .1380 .1190 .0978 .0748 .0487 .0200 - . 0099 
-.0120 20.8 22.0 .1824 .1745 .1642 .1510 .1354 .1177 .0986 .0778 .0533 .0260 -.0057 
-.0163 20.8 22.0 .1780 .1710 .1615 .1494 .1343 .1160 .0967 .0736 .0480 .0206 -.0065 
-.0090 _______________________________ 
-~i44ii -~i272 - ~iii9ii -~ii882 -~iiiiii5 -~iiii50 ---:iiiiiiii -.OOSO 21. 2 22.0 .1855 .1789 .1698 .1582 
15.9 17.8 .1590 .14401.1272 .10901.0900 .0680\.0428 .01301-_0185 20.9122.7 .18451 .1775 .1677\.1549 .13881.1201 .09901.0755.04891.01901 -.012 
~g:~ g:L~~~~ _~~~~ _._~~~~ _~~~~ _~~~~ _~~~ _~~~~ _~~~~~ _~~~~~~ ___ ~~~~ __ ~~~~ _~~~~~ _~~~~~ _~~~~ _~ ~~~: _~~~~ _~~:~~ _~~~ _~~~~ ~ _~~~~~ _~~:~~ __ ~~~ 
16.5 17. 0 . 1588 . 1487 . 1354 . 1190 . 1004 . 0795 . 0590 . 0432 . 0063 21. 8 22.0. 1846 . 1802 . 1727 . 1629 . 1497 . 1322 . 1143 . 0940 . 0714 . 0459 . 0183 
15.8 16.8 ________________________________________________________________________________________________________________________________________ _ 
15.8 16.8 .1566 .1460 .1320 .1159 .0970 .0764 .0548 .0315 .0050 21. 2 22. 0 .1840 .1791 .1717 .1620 .1493 . 1333 .1145 .0939 .0719 .0493 .0247 15.8 16.8 ________________________________________________________________________________________________________________________________________ _ 
15.8 16.8.1642.1437 . 1300 .1142 .0970 .0780 .0567 .0320 .0053 21. 2 22.0.1810.1758.1681.1580. 1457 .1300 .lI20 .0920 .0700 .0469 .0220 
15. 8 16. 8 .1559 .1448 .1314 .lI55 .0976 .0784 .0577 .0351 .0100 21. 2 22.0 .1827 .1780 .1710 .1615 .1487 .1327 .1146 .0951 .0744 .0519 .0280 15.8 16. 8 _______________________________________________________________________ ____ __________________________ ____________________________ _______ _ 
15.8 16. 8 __________________________________________________________ ____________________ _______ ____________________________________________ ___ ____ _ 
16.8 16.8 ___________________________________________________________________________________________________________________________________ ____ __ 
15.8 17.0 .1513 .1410 .1280 .1121 .0948 .0757 .0550 .0326 .0079 21.1 22.0 .1763 .1718 .1649 .1655 .1435 .1281 .1100 .0900 .0689 .0455 .0216 15.8 17.0 ____________________ __ ______________________________________________________________________________ ____________________ ________________ _ 
16.8 17.0 __________________________________________ __ __________ ____________________ ____________________________________________________________ _ __ 
15.8 17.0 ____________________________________________________ ______ ________________________ _________ _________________________ _____________ ____ __ __ 
15.8 17.0 ________________________________________________________________________ _____ ___________________________________________________________ _ 
15.8 17.0 __ _______________________________________________________________ ________________________________________________________________ ______ __ 
16.8 17.0 _______________________________________________________________________________________________________________________________________ __ 
16.8 17.0 .1619 .1420 .1300 .lI50 .0978 .0793 .0589 .0371 .0130 _______________________________________________________________________________ __ 
16.8 17.0 .1543 .1445 .1316 .1158 .0973 .0770 .0566 .0346 .0121 21.1 22.0 . 1830 .1770 .1689 .1582 .1450 .1289 .1105 .0910 .0696 .0463 .0230 
15.8 17.0 .1588 .1430 .1298 .1140 .0956 .0760 .0547 .0309 .0046 21.1 22. 0 .1775 .1724 .1650 .1554 .1427 .1268 .IOS0 .0880 .0658 .0420 .0180 }UI g:L~~~~I _~~~~ -~~~~~I-~~~~~ -~~~:I-~~~~~ -~~~~I-~~~~~ ---~~~ ---:~~~ --~~~~ -~~~~ -~~~~I-~~~~~ -~~~~~I-~~~~~ -~~~~I-~~~ -~~~I-~~~~ -~~~~I---~~~~~ ~U g:~ -~i528 -.-i450 -.-iiiiii -: iiiis -~iiOO5 -~08iii -~iiiii7 -~64oi ---~iii65 ::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::::: 16.8 17.0 _____________________________________________________________________________________ _____________ _____________ ________________________ __ 
15.8 17.0 _______________________________________________________________________________________________________________________________________ __ 
3-D 1 Large ____ N.A.O.A. hood ____ Ring 5°____________ 15.7 
4-D ___ do __________ do __________________ do_____________ 16.1 
1-0 ___ do ________ __ do __________________ do_ ____________ 15.8 
17.2 .1532 .1430 .1300 .1139 .0950 .0746 .0545 .0322 .0096 20.8 22.0 .1817 .1734 .1646 .1542 .1421 .1265 .1074 .0873 .0658 .0426 .0186 
17.0 .1570 .1467 .1331 .1169 .0981 .0775 .0550 .0310 .0049 21. 3 22.0 .1837 .1778 .1702 .1598 .1463 .1299 .11OS .0902 .0676 .0420 .0160 
17.0 .1490 .1365 .1218 .1042 .OS55 .0670 .0475 .0260 .0006 21.0 22.0 .1720 .1650 .1555 .1440 .1301 .1145 .0976 .0794 .0581 .0360 .0130 SmalL__ Exposed cylinders__ Exposed cylinders__ 14.7 
___ do_____ Ring 5° __ __________ Ring 5° _ _ ______ ____ 14.7 
2-0 I Large ____ N.A.O.A. hood _________ do_____________ 16.8 
3-0 ___ do __________ do __________________ do_____________ 15.8 
16.6 .1402 .1267 .lll3 .0950 .0774 .0596 .0417 .0217 .0010 21. 2 22.0 .1762 .1686 .1590 .1473 .1343 .1196 .1040 .OS71 .0687 .0500 .0300 15.6 .1399 .1259 .1104 .0041 .0770 .0598 .0419 .0220 .0001 
------- ------ ------ ------ ------ ---- -- ------ ------ ------ ------ ------ ------ --------
17.0 .1500 .1382 .1242 .IOS0 .0904 .0712 .0515 .0297 .0055 21.0 22.0 .1760 .1695 .1607 .1490 .1350 .1185 .1000 .OS02 . 0584 .0360 .0130 








































FRONT PROPELLER POWER COEFFICIENT, CPp = P:f)5 pnp 
ANGLE OF AT TAOK=-5° 
Front propeller: Right-hand no. 4412-4-foot diameter. Rear propeller : Left-hand no. 4412-4-foot diameter 










ilD N acelle I Type of 
position nacelle , _ _ __ _ 
__ I Front Rear IFrontlRearl~1 0.2 1~1~1~1~-'~I~I~IFrontIRearl~I~1 0.31 0.41~1~1~1~'~'_~1~ 
~: I_~_::~~~:::: _:~~~~~~:_~::~_~~:::I_:~~~:~ ____ ___ ______  
___ do ____________ do ____ _______ ___ Exposed cyllnders. __ 
___ do_______ Exposed cyllnders _____ __ _ do _____________ _ 
SmaIL _______ __ do _______ ___ ___ _______ do ______________ _ 
___ do _______ N.A.O.A. hood _____ Ring 5° _____ ___ ____ _ 
___ do _______ Ring 0° ____________ ______ do ______________ _ 
3-A I Large ______ N.A.O.A. hood __________ do _____ ____ _____ _ 
4-A ___ do ____________ do ____________________ do ______________ _ 
__ _ do ____________ do _____ ______ ____ Ring 0° ____________ _ 
:~: I~~~ii~~~~~~~ ~~~~~ii~;~~~~~~~~~~~~~ i~ ii~~~~~~~~~~~~~ 
___ do __________ __ do_______________ Exposed cylinders __ _ 
___ do _______ Exposed cylinders ________ do ______________ _ 
=Jg======= !l~! =fg~::======== ===Jt============= SmaIL ____ Exposed cyllnders __ ______ do ______________ _ 
=Jg======= :==JL==::======== !~! g:;::======:=== ===~~=====:= ===::~~: :::::::::: : ::: ~~~ =f~o::==:=:=:: 
___ do _______ Ring 4° _____________ Exposed cylinders __ _ 
:ii~!:!:l:i .~i~~~~;:i!!!!!:! ;~i;~t~!;;;;~!~!~:; 
:: I_~::_e~~~::: _::~~~~~~_~~~~~~::: _:~~::: _____________ _ 
1-0 ___ do ____________ do ____________________ do ______________ _ 
SmaIL __ __ Exposed cylinders ___ Exposed cylinders __ _ 
___ do _______ Ring 0° _____________ Ring 5° ____________ _ 





17. 010. 041310. 041610. o.HOIO' 039210. 036310. 031410. 024310. 01521
1
0. 0035 
17. 1 .0380 . 0385 . 0385 . 0370 . 0342 .0300 . 0240 . 0160 . 0050 
17. 1 .0380 .0380 .0380 .0370 .0338 .0293 .0233 .0154 . 0056 
17.1 .0385 .0384 .0380 .0368 .0335 .0295 .0235 .0157 .. 0065 



































m8 no .~.~.~.~.~ .~.~.~ .~.~.~ 
20. 8 22. 0.0578 . 0576.0570.0558.0540 . 0506 . 0460.0395.031';1.0210.0100 
m8 no.~ .~.~.~.~.~.~.~.~ .~.~ 
15.7117.01 .04041 .03961.03711.0345 15. 8 16.8. 0364 . 0363 . 0362 . 0358 
15.8 16.8.0368.0366 .0365.0358 
15.9 17.8.03701. 0370.0370 . 0366 
· 0312,' . 02681' 0214 
· 0330 . 0285 . 0224 
· 0328 . 0285 . 0223 
· 03401 . 0298 .0238 
: g~:51 : gg~II . --~~~ ~I- -~~~ ~I -~~~~I -~~~~~I-~~~~I-~ ~~~ I' ~~~:=I-~~~~I-~ ~~~I'~ ~~~I'~ ~~~~I-~ ~~~~I-~~~ 
.0144 . 0035 21. 2 22.0.0580.0580.0580.0573 .0555 .0521 .0477 .0420 . 0340 .0240 . 0113 
.~.~ m9 n7.~ . ooJ.~ . ~.~~.~ .~ .~ .~ .~.~ 
~~: ~I g: gl · ~~~~I·~~~~~I·~~~~~I-~~~~~I · ~~~~~I -~~~~I -~~~I-~~~~~1·~~~~I---~~~~I--=~~~I-~~~~I-~~~:~I-~~~:~I-~~~~~I-~~~:I-~~~~~I-~~~l~~~~I-~~~~I-~~:=~I-~~~ ~~ 

























16.8, ______ .-- --- ----- - .-- --- ------ ------ ------ ------ ------ ------- ------ ------ ------ -- ---- ------ ______ 1 ______ ------ ------ ------ ------ ---- --
16.8 . 0365 .0365 .0365 .0352 .0325 . 0282 .0221 .0140 .0040 21. 2 22.0.0584.0578 . 0572 . 0564.0551.0526.0484 . 0420.0335.0225 . 0095 16.8. _______ . _____________________________________________ --___________________________________ -- _____________ _________ -________________ _ 
16.8 .0368 . 0368 .0358 .0358 .0330 .0288 .0225 .0145 .0045 21. 2 22.0 . 0573.0568.0562.0552.0538.0518.0479.0418.0330 . 0228 . 0107 
16.8 .0367 .0367 .0367 . 0355 .0330 .0286 .0228 .0153 .0056 21. 2 22.0.0580.0574.0571 . 0564 . 0555.0525.0482.0422. 0344 .0245 . 0130 16. 8 ______ ___ _ . _ ___________ ___ _______ ___ ______ ______ _____________ ______________________________________ ___ ______________________________ _ 
16.8 ________ ___ _ _________________ _______ ________ __________ ______________ ___ __ ______ ____________ ______ . __________________________________ _ 
16.8 ___ _______ _________ _______ ____ __ _____ ___ ___ ______ ______ ______________ ____ ____________ _____________ __________ ___________ ___ ___ ___ ____ _ 
17.0 .0370 .0370 .0366 .0351 .0321 .0278 .0218 .0135 .0035 21.1 22.0.0605.0594.0579.0558 . 0537.0504.0459.0398.0318 . 0210.0085 17.0 ____ _________ ___________ _____ _____________ ___________ . ______________________________________________________________________________ _ 
17.0 ___ ___ ______ ____ ___ _____ __________ ________ ___________ . ____________________________________________________ __________________________ _ 
17.0 ______ . ___________________________________________________ _____ __________ _____________________________ __ _____ __ _____________________ _ 
17.0 ______ ____ . _________________________________________________________________ _______ ___ _____ _____ ___________________________ _______ __ _ 
17.0 __________ ._1. ________________________________________________________________________________ . ______________________________________ _ 
17.0 _______ ____ _ _________________________ _____ __________________________________________________________________________________________ _ 
g: gl : gm : g~~2 : ~~ : g~~~ : ~~ : 8~g : 8m : g~~g : 88!8 ---ii.-i - -22~ii -:ii6ii4 -:ii595 -~ii58ii -:0563 -~ii54ii -:iisiii -:0468 -~O408 -~033ii -:0220 -:0090 
17.0 .0374 .0374 .0372 . 0351 .0322 .0278 .0215 .0133 .0020 21.1 22.0.0600.0590.0574 . 0555.0536.0510.0467.0402.0315 . 0208.0075 
17.0 .0370 . 0370 . 0365 . 0358 . 0325 . 0280 .0218 . 0137 .0035 21.1 22. 0 . 0600 .0586 . 0574 . 0560 . 0541 .0515 . 0468 . 0408 . 0330 . 0230 .0105 17.0 _______________________________________ ____________________________ ______ ______________________________ ___ _________________________ _ _ 
17.0 _______________________________________ ______________________ _________ _____________ __ ____________________________________ ___________ _ 
17.0 . 0370 .03701 .0367 .0352 .0325 .0280 .0219 .0140 .0010 21.1 22.0 . 0598.0590.0575.0560.0540 . 0510.0463.0405.032.>.0230 . 0115 
g: g ::::::c::::c:::: :::::: :::::: :=::::C=:: :::::: :::::: :==:=::c:==: :::::: :::::: :::::: :::::= :::::: :::=:: :::::: ::::::1:::::: ==:::: :::::: 
15. 71 17. 21 ' 03631' 0363/. 0360/. 03521' 03241' 02781' 0220/. 0145/' 0015/ 20. 81 22. 01' 0540/. 0540/. 05401' 05401' 05271' 05031' 04581' 03981' 03161' 02061' 0080 
16.1 17.0.0382.0381.0380.0375 . 0346.0304.0245.0168.0070 21. 3 22.0.0588.0586.0582 . 0572 . 0558.0535 . 0494.0435.0355 . 0252.0130 
15.8117.0'1 .03681.0365/.03641.03611.03351.0300/. 02471' 0175/' 00851 21. 0 22.0 . 0565.05651 . 0565.0564 . 0552.0525 . 0486.0433,03621 . 0265. 0150 
14.7 15.6.0332.0331.0330 . 0323 . 0300.0262.0205.0128 . 0035 21. 2 22.0.0617.0600 . 0584 . 0570 .0558 .0537 .0505 .0454 .0382 .0292 . 0175 
14. 7 15.6.0325.0325.0325.0320 .0298 .0255 .0204 .0130 .0040 ------- ------ ------ ______ 1 ______ ------ - - ---- ------ ------ ------ ------,------ ------
15. 81 17. 01 . 03651 . 03651 . 03651 . 03651 . 03471 . 03101 .02601 . 01871 . 0095 
15.81 17. 01 .03681 . 03681 . 03651 . 03601 . 03381 . 03001 . 02481 .01781 . 0090 
21. 0 22. 0 . 0575 .0574
1
, 0572 . 0565 . 0555 . 0534 .0497 . 0444 .0372 .0280 .0170 































FRONT PROPELLER POWER COEFFICIENT, CPF= P:Ds-Continued pnp 
ANGLE OF ATTAOK=Oo 
Front propeller: Right-hand no. 4412-4-foot diameter. Rear propeller: Left-hand no. 4412-4-foot diameter 















F ront IR car I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I Front I Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I 1.0 I 1.1 
---I 1---1--1---1--1--1--1--1--1--1--1--1---1--,--,--,--,--1--, __ , __ , __ , __ , __ , __ 
I-A / Large ______ N .A.O . .A.. hood __ ___ Ring 5° __ __________ _ 
2-A ___ do ____________ do___________ _ _____ do ___ __________ _ 
___ do ____________ do ______________ _ Exposed cylJnders __ _ 
___ do _______ Exposed cylinders ____ __ _ do _____________ _ 
SmalL __ _______ _ do ____________________ do __ _________ ___ _ 
___ do _______ N.A.C.A. hood _____ Ring 5' ____________ _ 
___ do_ ______ Ring O· ________ __ ________ do _____________ _ 
3-A Large ______ N .A.O.A. hood __________ do __ _________ __ _ 
4-A __ _ do ___________ do ____________________ do __ ___________ _ 
___ do ___________ do _______________ Ring 0· ____________ _ 
I-D ___ do ___________ _ do _____________ _ Ring 5· ____________ _ 
2-D =J~======= ===J~=:-=: ========== i~i ~~~:::::=:=:::= __ _ do ____________ do ______________ Exposed cylinders __ _ 
___ do _______ Exposed cylinders ________ do ____ ____ _____ _ 
___ do _______ Ring - 5· ________________ do _____________ _ 
___ do_______ Ring -10" _______________ do _____________ _ 
___ do _ ______ Ring -15' _______________ do __ _________ __ _ 
SmaIL ____ Exposed cylinders ________ do ______________ _ 
:::~~::::::: :::::~g::_-_::: :::::::: ~l~~ 1~::::::::::::: 
___ do ______ ______ do _____________ _ Ring O· ____________ _ 
:::3~::::::: :::::~~::::::::::::::: ~l~~ :f~.::_-_-:::::: 
___ do _______ Ring 4' _____________ Exposed cylinders __ _ 
___ do_______ Ring 0° __________________ do _____________ _ 
:::~g::::::: Nl~~ :~::: ::::::::: :::::~~:::: :::::::::: 
___ do ______ " lUng -10' __________ . ____ do _____________ _ 
___ do ______ " Hing 4' _____________ Rinl( 5' ____________ _ 
___ do _______ Ring _5· ___________ " ____ do _____________ _ 
___ do_ ______ Ring O· __________________ do _____________ _ 
:::~~::::::: :::::3~:::::::::::::: ~~l~~ ~~::::::::::::: 
3-D I Large _____ " K.A.O.A. hood____ Ring 5' ___ __ _______ _ 






















.0380 .0365 .0333 . 0288 
.0375 .0365 .0332 .0285 
. 0375 .0365 .0332 .0285 
.0360 .0342 . 030~ .0258 
.0370 .03Sh .0325 .0278 
.0368 .035H .0325 .0278 
. 0372 . 0368 .0338 .0204 
.0222 .0138 .0035 20. 8 22. 0 
. 0223 .0110 .0035 20.8 22. 0 
.0221 .01SH .0035 20.8 22. 0 
.0197 .0112 . 0010 20.8 22.0 
.0215 .0130 .0025 
------- ---.-. 
.0215 .0132 .0020 21. 2 22.0 
.0230 .0145 .0035 
.0588 .0578 .0568 .0554 .0535 .0500 . 0151 .0386 .0299 .0180 .0050 
• Q.582 .0578 .0070 .0556 .0535 .0502 .0155 . 0390 .0305 .0184 .0040 
.0578 .0572 .0565 .0550 .0530 .0500 .0459 .0396 .0305 .0100 .0060 
. 0572 .0569 .0555 .0540 .0520 .0485 .0436 .0368 .0278 .0108 . 0040 
------ ----- - ------ -----. -.---- -----. ---.-- ------ ------ ------ ----.-
.6592 . 0586 .0583 .0575 .0556 .0522 .0470 .0402 . 0310 .0205 .0070 
l~: ~ ld: g~~~ : ~~ : ~~g : ~~~ : ~~~ : ~~J : ~m : gl:~ : g: ___ =~ ._= --==~t~~~~ _~~~:~ _~~~~ _~~~~~ _~~~~~ _~~~~~ _~~~~ _~~~~ _~~~~~ _~~==~ _~~~: 20.9 22.7 .0546 .0546 . 0546 .0544 . 05321 . 0505 .0465 .0400 .0315 .0215 .0075 
16.5 17.0.0390.0390.0387.0376.0348.0302.0243.0160.0060 21. 8 22.0.0619.0610.0600 .0585 .0565 .0537 .0498 .0436 .0350 .02-10 .0100 
15.8 16.8 .0370 .0370 .0370 .0359 .0335 .02Q5 .0239 .0167 .0075 _____________________________________________________________________ " _____ _ 
15.8 10.8.0363.0363.0363.0355 . 0330. 0211l .0235 .0163 . 0008 21. 2 22.0.0584 .0583 .0578 .0568 .0552 .0528 .0490 . 0436 . 0357 .0251 .0130 15.8 16.8 .0363 . 0363 .0363 . 0355 .0330 .0290 . 0238 .0165 .0008 ____________________ _____________ __ ___ __ ______ _______________ __ __ __ ________ . __ _ 
15.8 10.8.0368.0368.0368 . 0355.0330.0290.0235.0161.0072 .21. 2 22 0 .0590 .0588 .0585 .0572 .0561 .0528 .0488 .0433 .0362 .0273 .0165 
15.8 16.8.0366.0366.0364.0356 . 0328. 02<JO .OZ35 .0165 .0075 21. 2 22.0.0594 .0590 .0582 . 0570 .0552 .0530 .0492 .0438 .0368 .0277 .0170 15.8 10.8 .0375 .0375 .0370 .0362 .0335 . 0293.0235.0165 .0077 _______________________ _________ ______________ ________________ ________________ _ 
15.8 10.8.0370.0370.0370.0357.0333.0295.0240.0105. 007L _____________________________________________________________ ___ _____________ _ 
15.8 16.8 .0370 .0370 .0370 .0360 .0335 . 0295 . 0238 .0170 . OOSL _________________________________________________________________________ ____ _ 
15.8 17.0 .0370.0370.0368.035.1.0330 .0280.0230.0154.0060 21. I 22.0.0570.0574.0505.0558.0541.0514.0470 .0413.0340.02'10. 0125 15.8 17. 0 .0303 .0363 .0363 .0357 .0330 .0288 .0230 . 0155 .0060 ________ _____________________________________________________________________ _ _ 
15. 8 17.0 .0307.0307.0305.0355 .0330 .0292 .0235 .0158 .0003 _________ ____ __________ _______ _____ ____________________________ _____ __________ _ 
15. 8 17.0.0368.0368.0368.0362.0331 .0291 .0232 .0160 .0070 ___________________ " __________________________________________________________ _ 
15.8 17.0.0395.0300. Q3lj0 . 0360 .0330 .0287 .0230 .0158 .0075 __________________ . ____ _______ ___ __________ ___________________________________ _ 
15.8 17.0.03&0. Q3lj0 .0.175 .0358 .0330 .0290 .0230 .0158 .0070 __________________________________________________________________________ ____ _ 
15.8 17. 0.0370.0370.0368. 0.15b .0330 .0290 .0235 .0104 . OOSO _____________________________________________________________________________ _ 
15.8 17.0.0364.03&1.0360. 035·l .0326 .0285 .0230 .0154 .0065 ______ " _________ __________________________________________________________ ____ _ 
15.8 17.0 .0373 .0373 .0373 .0360 .0335 .0293 .023~ .0163 .0070 21.1 22.0 .0610.0600 .0586 .0568 .0548 .0520 .0"178 .0425 . 0340 .0240 .0120 
15. S 17. 0.0382. 03H2 .0373 .0:l5li .0330 . O~Xl- .0230 .0150 .0060 21. 1 22.0.0605 . 0590.0577.0560 . 0538.0507.0465.0408.0336.0240.0120 
15.8 17.0.0370 . 03iO .0370 . 03fl~ . 033~ .02!<i . 0230 . 0158 .0070 21.1 22.0. OUOO .0590 .0580 .0565 .0548 .0520 .0480 .0424 .0350 .0254 .0150 15.8 17.0.0372.0370.0366.0360.0330 . O~OO .onl .0102 .0078 ___________________ __________ ___ ___ _______________________________ . __________ _ 
15.8 17.0.0361>. 036/i .0.163 .0355 .0332 .02 . ", . 022,' . 0152 .0005 ______ " _______________________ " ________________________ . ______________________ _ 
15.8 17.0.0370.0370.0370. 03n5 . 033~ . 021-0 .0226 . 0155 .0072 21. I 22. 0 .0608 .0600 .0585 .0565 .0540 .0515 .0475 .Ollb .03·16 .0250 .OH8 15.8 17.0. 03iO .03iO .0370 .03W .0328 .02X5 .0225 .01SO .0055 ____________________ _________________ __________ __ ____ __ _____________ __________ _ 
15.8 17.0 .0369 .0369 .03()lj .03511 .0321< .02lj/j .0230 .0150 .0050 ______________________________________________________________________________ _ 
15.7 17.2.0359.0350.0350.0351 .0327 .02s5 .022h .0150 .0057 20.8 22.0 .0540 .0540 .0540 .0539 .0528 .0503 .0462 .0405 . 0322 . 0230 .0120 
4-D 1 ___ do _______ I _____ do _____________ -1 ____ do _____________ -I 16.11 17.01.03801.03801.03b01.03701.03501.03121.02531. 01751.00801 21.31 22. 01.06051.06001.05901.05781.05551.05281.04881.04301.03551.02561.0130 
1-0 L s~~fC:::: /-Exp~~ed ~yJi.;ders:::I-i.;xii~~ed c-ilin(firs~:: 
. __ do ______ . Ring 0· ____________ ". Hing 5· ____________ _ 
15.8/ 17.0/.0360/.0368/.0367/.0364/.0338/.0302/.0250/. 0172/. 00i5/ 21. 0/ 22.0/.0565/ . 0565/.0565/.0558/.05471.0524/.0489/. 0436/. 0362/. 0267/. 0150 ii. ~ lU: ~~ : &l~~ : ~~ : &l~~ : ~~ : ~~gg : ~~g<J : ~m : ~~~ ___ =~~= __ ::~~ _~~~~ _~~~ _~~~~~ _~~~~~ _~~~~= _~~~~= _~~~~~ _~~~ _~~~~ _ ~~~~ _~~~~~ 
2-0/ Large ______ 1 K.A.O.A. hOOd ______ / _____ dO ______________ / 15.8/17.01·03761·0375/.03741·0365/.03:4/.0310/.0~5!l/.0188/.01001 21.0/ 22.01.0573/.0571/.0570/.0565/.05501.0530/.0494/.0443/.0371/.02781 .0157 











































FRONT PROPELLER POWER COEFFICIENT, CPy = Py Continued 
ANGLE OF ATTAOK=5° 
Front propeller: Right·hand no. 4412-4-foot diameter. Rear propeller: Left·hand no. 4412-4-foot diameter 


























Large ...... N.A.O.A. hood ... • • Ring 5° ... ••........ 
.•• do ....•.•....• do ...•..••••••••.•..• do .......•.•••.• 
••. do ..•...•..... do.... •.•... ..•• Exposed cylinders ..• 
•• . do....... Exposed cylinders ••.••.•. do •.••••........ 
SmalL ....•.... do ..•..••••••........ do ............. . 
..• do ••••••• N.A.O.A. hood •• ••• Ring 5° ... · ••.••.•••. 
_._do __ . ____ Ring 0° _______ • __________ do _____________ _ 
Large. _____ N.A.O.A. hood __________ do ____ • _______ _ _ 
___ do ___ • ________ do ___________________ do __ . __________ _ 
___ do ___ • ________ do ___ . __________ Ring 0° _______ • ____ _ 
___ do _______ _____ do. _. __________ . Ring 5°. ___________ _ 
===~~:::==:= ====:~~:==::::=:=:::: ~~~ ~:==:=:::=:===: 
___ do ____________ do ____ . _________ Ring 10° ___________ _ 
___ do ___ . ________ do_ ___ __________ Exposed cylinders __ _ 
__ .do _______ Exposed cylinders ________ do _____________ _ 
:=:~~==:=:=: ~~~ =f~o=== : ==:=:: :=:::~~:::=:::=:=:=:: 
___ do _______ Ring -15° _______________ do _____________ _ 
Small ______ Exposed cylinders ________ do ________ . ____ _ 
___ do ____________ do_ _ ____________ Ring 10° ___________ . 
___ do ___ _________ do ______________ Ring 5° ____________ _ 
__ .do _______ . ____ do ______________ Ring 0° . ____ . ______ _ 
=:=~~==:==:= ==:==~~::: :======:=:: ~~~ =f~o = ==:=:===: 
___ do _______ Ring 4° ___ • _________ Exposed cylinders __ _ 
:==~~==:=::= ~~~ ~5°:::::====:= =:::=~~=:::::::=:==:= 
___ do _____ ._ Ring _8° ________________ do _____________ _ 
~~~U~~~~~~~ i~i ~;~~~~~~~~~~~~ ;~~~i~;~~~~~~~~~~~~~ 
:==~~:===:== ::::=~~:=======:::=== ~~~ 62:::========:= 
Large ______ N.A.O.A. hood _____ Ring 5° ____________ _ 
___ do ____________ do ___________________ do _____________ . 
. __ do. ______ . ____ do ___________________ do __ • __________ _ 
SmaIL_. __ Exposed cylinders ___ Exposed cylinders __ _ 
___ do _______ Ring 0° _____________ Ring 5° _. __________ _ 
17.0 17.00.0412 O. 0412 0. 0406 O. 0388 O. 0345 O. 0275 O. 0202 O. 0090 ______ 22.0 22.0 O. 0626 O. 062010. 0607 O. 0586 O. 0557 O. 0514 O. 0460 0.0380 0. 0260 O. 0100 _____ _ 
15.9 17.1 .0375 .0375 . 0373 .0365 .0333 .0275 .0208 . 01150.0000 20.8 22.0 .0560 .0559 .0558 .0550 .0532 .0495 .0440 .0370.0277 .0148 _____ _ 
15. 9 17.1.0375.0375.0375.0368.0330.0279.0210.0118.0000 20.8 22.0.0560 . 0560.0560.0555.0535.0495.0445.0375.0278.0155 O. 0000 
15.9 17.1.0375.0373.0369.0362.0334 . 0284.0217.0123.0000 20.8 22.0.0568.0566.0556.0546.0527.0490.0440 . 0370.0275.0155.0000 
15.7 17.0.0363.0362.0359.0340.0302.0250.0180.0092 ______ 20.8 22. 0 .0580 .0575 .0562 .0543 .0515 .0478 .0428 . 0355 .0260 .0120 _____ _ 
15.8 16.8.0370.0370.0370.0360.0321.0271.0205.0120.0615 __ •• ___ • ____________ • ____ •• ___ • _______ ••••••••• _ ••••••• __ ._._ ._ ••••••••••• _ •••• 
15.8 16. 8 . 0370 . 0370 . 0368 . 0355 . 0321 . 0270 . 0200 . 0110 . 0000 21. 2 22. 0 . 0580 . 0575 . 0570 .0566 . 0550 . 0512 . 0470 . 0396 . 0300 . 0177 . 0042 
15.9 17.8.0370.0370.0370 . 0356.0330.0280 . 0215.0130.0020 20.9 22.7.0573.0572.0570.0560.0545 . 0513.0459.0392.0300.0190. 0055 
15.9 17.0.0365 . 0365.0365.0362 . 0332.0286.0221.0135.0033 21. 2 22. 0.0585.0580.0572.0560.054.2.0515.0471.0410.0312.0191.0050 15.9 17.0 _. __ • ________ • _____ • ___ •. ___ • _________ • ______________ . ____ • __ . ___ • ___ ._. _____ • _____ .. _____ .. _________ . _____________ . ___ . ______ . _____ _ 
16.5 17.0.0388.0388.0388 . 0387.0358.0318.0265.0190.0100 21. 8 22. 0.0615 . 0610.0600.0590.0570.0551.0515.0462 . 0395.0300. 0180 
15.8 16.8 _____________________ ___ ________________________________________________________________ _ . ___________________ .. ____ -________________ _ 
15.8 16.8. 0370 .0370 . 0370 . 0355 . 0335 . 0298 . 0248 . 0180 . 0097 21. 2 22. 0 . 0590 . 0590 . 0586 . 0578 . 0560 .0538 .0504 .0457 . 0887 .0300 . 0190 15.8 16.8 _______________________________________________ . _________________________________________ . _________________________ . ________________ _ 
15.8 16.8. 0367 . 0367 . 0367 . 0365 . 0340 . 0305 . 0253 . 0185 . 0103 21. 2 22.0.0577.0575. 0572 . 0562 . 0550 . 0535 . 0500 .0453 .0382 . 0298 . 0190 
15.8 16.8.0370.0370.0370.0365.0340.0303.0255.0187.0105 21. 2 22.0.0590.0585.0578.0568.0558.0536.0497.0448.0380.0300.0195 15.8 16.8. ____ _ _________________ _ ________ ____________________________________________________________________________________________________ _ 
15.8 16.8 _____________________________ . ______ . _______ . ________________________________________________________________ -_____ . __ . _______ • _____ _ 
15.8 16.8 ______ . __________ _ _______________________ _ ___________ • ___ .. ______________________________ • ____________ . ___________ •• ___ _______ . _____ _ 
15.8 17. 0 . 0370 . 0370 . 0369 . 0360 . 0332 . 0295 .0240 . 0173 .0090 21.1 22. 0 . 0595 . 0590 . 0580 . 0565 . 0545 . 0520 . 0482 . 0433 . 0365 . 0272 . 0155 15.8 17.0 ______ ____________ _____ _ ________________________________________________ _ ___ ___ • _____ _______ • __ . __________ . ___ ____ _ . ________________ _ 
15.8 17.0 __________________________ __ ___________________ . ___ _____________________ __ _____ • _____ ____ __ __ __ _ . _________ . __ _____ _ ________ _________ _ 
15.8 17.0 _________________________________________________________________ • ________ _ • ___ _____ __ ______________________________________________ _ 
15.8 17.0 ____________________________ ._ • _______________________ ____________________ _ . _____________ __ . _________________ . _________ • ____________ _ 
15.8 17.0 _____________________ .. ___________________ _ .. ______ _________________ ______ ___ ___ ___ __ . ________ ___ _____ _ _______________ • ______ _______ • 
15.8 17.0 _____________________________________ __________________________________________ .. ____________ .. _. _________ . _________________________ _ 
15.8 17.0 . 0370.0370.0370.0365.0336.0298 . 0247.0177.0095 ______________ . __ __ _____ .. _________ . ______ • _. ___ . ________ . __ .. _________ . ______ . 
15.8 17.0.0375.0375.0370.0360.0336.0298 . 0248.0182.0100 21.1 22.0 . 0590.0590.0580.0570.0548 . 0523.0484.0434.0363 .0276 .0175 
15.8 17.0.0380.0380.0380.0368.0339.0298 . 0243.0173.0090 21. 1 22.0.0610.0600.0585.0568.0543.052 .0485.0433.0360.0272.0168 
15.8 17.0.0368.0367.0364.0357.0335.0298.0243 . 0170.0088 21. 1 22.0.0612.0604.0592.0580.0550.0525.0490.0443.0375.0285.0175 15.8 17.0 ______ .. ____ .. ________ .. ______________________________________________________________ .. ________________________ .. __________________ _ 
15.8 17.0 __________________________ .. ______ _____________ _ _________________________________________________ _________________ _ _____________ .. __ _ 
15.8 17.0.0375.0374.0369.0359.0338.0299.0248.0178.0095 .... _________ ________ ________________ _________________________________________ _ 
15.8 17.0 ___ .. ______________________ .. _________________________ __ _____________________ _______________________________________________________ _ 





















.0354 .0330 .0290 
. 0374 . 0354. .0315 
. 0358 .0335 .0295 
.0325 .0300 .0258 
.0322 .0300 .0260 
.0237 .0165 .0073 20.8 22.0 .0540 
.0260 .0188 .0095 21.3 22.0 .0580 
.0243 .0170 .0080 21.0 22.0 .0568 
.0200 .0124 .0030 21. 2 22.0 .0603 
.0205 .0133 .0045 
---- --- - ----- ------
.0540 .054.0 .054.0 . 0533 .0510 .0471 .0415 .0347 .0258 .0136 
.0578 .0576 .0570 .0560 .0540 .0507 .0454 .0380 .0285 .0160 
.0568 .0567 .0560 .0552 .0530 .0490 .0435 .0365 .0265 .0150 
.0590 .0578 .0570 .0560 .0545 .0513 .0460 .0388 .0295 .0175 
- .. ---- -_ .. _-- ------ ------ ---- -- ------ ------ -- ---- ------ ----- .. 
17.0 . 0369 .0369 .0369 .0367 .0345 .0310 .0257 .0183 .0090 21.0 22.0 .0582 .0580 .0576 .0568 .0555 . 0532 .0495 . 0440 .0370 .0270 .0145 
17.0 .0368 .0368 .0368 .0363 .0340 .0302 .0252 .0185 .0095 21. 0 22.0 .0590 .0590 .0585 .0572 .0555 .0534 .0498 .0448 .0380 .0290 .0185 
2-0 I Large ______ 1 N.A.O.A. hOOd _____ I _____ dO ___ .. _________ 1 15.8 







































REAR PROPELLER POWER COEFFICIENT, CPR= ~RD5 pnp 
ANGLE OF ATTAOK=-5° 






















Large ______ N.A.O.A. hood _____ Ring 5° ____________ _ 
___ do ____________ do ___________________ do ___ __________ _ 
___ do ___________ do_ _____________ Exposed cylinders __ _ 
___ do _______ Exposed cylinders . _______ do _____________ _ 
SmaIL __________ do ___ ___________ ____ _ do _____________ _ 
___ do _______ N.A.O.A. hood ____ __ Ring 5° ____________ _ 
___ do_______ Ring 0° __________________ do _____________ _ 
Large_. ____ N.A.O.A. hood ___________ do _____________ _ 
___ do ____________ do ___________________ do _____________ _ 
___ do ____________ do ______________ Ring 0° ____________ _ 
__ _ do ___________ do_ _ ____________ Ring 5° ____________ _ 
___ do ___________ do_ _ ____________ Ring 0° ____________ _ 
___ do ____________ do ______________ Ring 5° _______ ____ _ _ 
___ do ____________ do ______________ Ring 10° ______ ____ _ _ 
___ do ____________ do ______________ Exposed cylinders __ _ 
___ do _______ Exposed cylinders ___ ____ _ do _____________ _ 
___ do _______ Ring _5° ________________ do _______ ______ _ 
___ do _______ Ring _10° _______________ do __ _____ ______ _ 
___ do _______ Ring _15° _______________ do _____________ _ 
Small ______ Exposed cylinders ________ do _____________ _ 
___ do ____________ do ______________ Ring 10° ___________ _ 
___ do ____________ <10 ______________ Ring 5° ____________ _ 
___ do ____________ do ______________ Ring 0° ________ ____ _ 
___ do ____________ do ______________ Ring _5° __________ _ 
___ do ____________ do ______________ Ring _10° _________ _ 
___ do _______ Ring 4° _____________ Exposed cylinders __ _ 
___ do _______ Ring 0° __________________ do _____________ _ 
___ do _______ Ring _5° ________________ do _____________ _ 
___ do _______ Ring -8° _______ __ __ _____ do _____________ _ 
___ do_______ Ring -10° _______________ do _____________ _ 
___ do_____ __ Ring 4° _ ____________ Ring 5° ____________ _ 
___ do _______ Ring _5° ________________ do _____________ _ 
:::g~::::::: _~~~~: ::::::::::::: -iijn~~o· :::::::::::: 
___ do ____________ do ___ _____ ______ Ring 0° ____________ _ 
Large ______ N.A.O.A. hood _____ Ring 5° ______ ______ _ 
___ do ____________ do ___________________ do _____________ _ 
___ do ____________ do ___________________ do ________ _____ _ 
SmalL____ Exposed cylinders __ . Exposed cylinders __ _ 
___ do _______ Ring 0° _____________ Ring 5° ____________ _ 
17.0 17.0 O. 0435 O. 0414 O. 0392 O. 0372 O. 0336 0.0290 O. 0236 O. 0158 O. 0055 22.0 22. 0 0.065210.0642 O. 0614 O. 0590 O. 0561 O. 0528 O. 0475 O. 0412 O. 0331 0.0220 O. 0092 
15.9 17.1.0421.0408.0389.0370.0332.0281.0224.0143.0040 20.8 22.0 .0632 .0612 .0595 . 0574 .0545 .0513 .0464 .0397 .0305 .0197 .0066 
15.9 17.1.0422.0414 . 0391.0365 . 0330.0279.0217.0137.0044 20.8 22.0.0641 .0632 .0617 .0595 .0062 .0515 .0460 .0391 .0300 .0197 .0077 
15.9 17.1.0421.0408.0386.0361 .0331 .0284 .0223 .0146 .0058 20.8 22.0 .0632 .0622 .0603 .0587 .0543 .0507 .0458 .0391 . 0310 .0205 .0095 
15. 7 17. 0 . 0363 .0362 . 0358 . 0345 . 0314 . 0270 .0205 . 0125 .0030 20. 8 22.0 . 0600 .0593 . 0580 . 0559 .0536 .0492 . 0444 . 0384 .0302 .0195 . 0077 15.8 16.8.0416. O4ll .0382 .0353 .0320 . 0277 .0213 .0140 .0054 ______________________________________________________________________________ _ 
15.8 16.8 . 0414.0403.0380.0352.0319.0275.0218.0144.0054 21. 2 22. 0 .0628 .0620 . 0605 .0584 . 0557 .0519 .0470 .0402 .0317 .0207 .0088 
15.9 17.8 . 0455.0442.0420.0388.0349.0302.0235.0150 . 0045 20.9 22.7 .0648 .0640 .0625 .0598 .0567 .0525 .0471 .0396 .0300 .0184 .0060 
15.9 17.0.0408.0403.0388.0360.0330.0291.0230.0155 . 0069 21.2 22.0 .0629 .0617 .0600 .0578 .0553 . 0520 .0479 .0413 .0325 .0215 .0080 15.9 17.0 __________ _____________________________________ ____________ _____________________________ ____________________ . _______________________ _ 
16.5 17.0.0428.0415.0392 .0368. 0337 . 0299.0250.0186.0100 21. 8 22.0 .0642 .0630
1 
.06ll .0584 .0560 .0526 .0481 .0427 .0354 .02531 .0140 
15.8 16.8 __________________ ___________________ ____ ____ ___ ____ ____________ ______ _______________ ___ ___ _ . ______________ ____________________ ------
15.8 16. 8 . 0408 . 0395 . 0370 . 0350 . 0325 . 0288 .0236 . 0166 . 0070 21. 2 22.0 . 0641 .0630 . 0613 . 0589 . 0561 . 0530 . 0485 .0427 . 0348 .0245 . 0128 15.8 16.8 _____________________ __________ __ ___ ____________ _____ __________ ____ _____ _____ _______ __________________ ___________ ______________ ------
15.8 16.8 . 0407.0397.0376.0352.0325.0282.0233.0165.0074 21. 2 22.0 .0617 . 0608 . 0593 .0577 .0552 . 0517 .0479 .0417 .0340 .0242 .0133 
15.8 16.8.0410.0400.0384.0352.0325.0288.0242.0170.0078 21. 2 22.0 .0622 .0624 .0608 .0586 .0555 .0520 .0478 .0423 .0353 .0265 .0160 15.8 16.8 __________________ . _______________________ _ ______ ____________________________________________ ___________________ ____________ ______ ___ _ 
15.8 16.8 ____________________________________________________________________________________________________________________________________ _ 
15.8 16.8 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0.0398.0385.0365.0345.0318.0276.0222.0163.0090 21.1 22.0.0615.0606. 058R .0564 .0536 .0504 .0459 .0402 .0332 .0250 .0149 15.8 17.0 ___________________________ . ____________ ___ _______________________________________________ __ ___________ ______ ____ ___ ________________ _ 
15.8 17.0 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ____________________________________________________________________________________________________________________________________ _ 
15.8 17.0.0405.0397.0379.0356.0326.0287.0233.0173.0090 _____ ___ ______________________________________________________________________ _ 
15.8 17.0.0416.0396.0376.0356.0327.0289.0238.0169.0095 21. 1 22. 0 .0637 .0632 .0600 .0573 .0540 .0503 .0466 .0417 .0342 .0250 .0130 
15.8 17.0.0419.0414.0393.0362.0329.0288.0234.0163.0097 21.1 22.0.0622.0605.0589.0569.0537.0500.0459.0403.0331.0236.0129 
15.8 17.0.0404.0400.0386.0354.0324.0290.0242.0173.0084 21. 1 22.0.0618.0607.0590.0570.0540.0504.0467.0416.0346.0247.0125 
















.0399 .0365 .0331 
.0402 .0375 .0345 
.0384 .0365 .0335 
.0335 .0309 .0284 
.0338 .0315 .0288 
.0292 .0234 .0157 .0065 20.8 22.0 
.0306 .0257 .0191 .0092 21.3 22.0 
.0298 .0247 .0185 .0105 21. 0 22.0 
.0253 .0207 .0141 .0078 21. 2 22.0 
.0255 .0206 .0148 .0070 --_ ... _--
------
.0607 .0603 .0593 .0572 .0550 .0512 .0466 .0402 .0315 .0207 .0080 
.0652 .0642 .0625 .0606 .0580 .0545 .0502 .0445 .0371 .0277 .0155 
.0619 .0617 .0607 .0584 .0565 .0529 .0488 .0432 . 0361 .0268 .0165 
.0625 .0612 .0596 .0577 .0554 .0528 .0490 .0442 .0380 .0300 .0200 
------ - .. ---- --- .. -- ------ ---_ ... - ------ ._---- ------ ------ ------ ------
17.0 .0418 .0411 .0396 .0371 .0346 .0311 .0260 .0194 .0110 21. 0 22.0 .0625 .0619 .0603 .0585 .0565 .0538 .0498 . 0445 . 0373 .0290 .0192 
17.0 .0412 .0404 .0390 .0366 .0343 .0309 .0258 .0193 .0110 21.0 22.0 .0630 .0623 .0610 .0595 .0568 .0538 .0497 .0443 .0374 .0289 .0177 
2-0 I Large ______ 1 N.A.O.A. hOOd ______ I ____ _ dO ______________ 1 15.8 



































REAR PROPELLER POWER COEFFICIENT, CPn = P:Ds-Continued pnF 
ANGLE OF ATTACK=Oo 
Front propeller: Right-hand no. 4412--4-foot diameter. Rear propeller: Left-hand no. 4412-4-foot diameter 














___ I Front Rear Front I Rear _~I~~~~~~~~ Front Rearl~I~I~I~I~I~I~I~I~I~I~ 
o 0 0 0 







17.1 .0422 .0406 .0383 .0361 .0324 .0281 . 0220 .0135 .0040 20.8 22.0.0624.0614.0599.0583.0545.0510.04621.0393.0303[.0195.0070 
17.1 .0421 .0410 .0388 .0365 .0330 .0283 .0218 .0141 .0044 20.8 22.0.0632.0618.0600.0578.0550.0510.0459.0390 . 0295.0183.0060 
17.1 .0423 .0409 .0385 .0355 .0326 .0284 . 0221 .0144 .0065 20.8 22.0.0642.0621.0595.0570.0544.0508.0460.0396.0305.0190.0060 
17.0 .0409 .0399 .0374 .0344 .0310 .0269 .0210 .0133 .0040 20. 8 22.0.0608.0595 . 0584.0558.0526.0485 .0438.0372.0283.0182. 0070 
~~: ~ : ~m : ~i~ : ~~ : ~~~~ : ~m : ~~~ : ~m : ~g~ ::~ ---iii.-i! --22:0 -.-0030 -.-0026 -.-ii6ii6 -.-0583 -'-OS56 -'-osis -'-04fidl-.-ii394 -.-ii3ii:fOiii3 -.-0070 
17.8 .0448 .0441 .0421 .0392 .0348 .0293 . 0220 .0126 .0015 20. 9 22.7.0649.0643.0627 . 0603.0573.0528 . 04691 .0395 . 0295.0148.0000 
___ do ____________ do _______ ________ _____ do_______________ 16.9 
___ do ____________ do _______________ Exposed cylinders___ 15.9 
___ do _______ Exposed cylinders ________ do_______________ 15.9 
SmalL. _________ do ____________________ do_______________ 16.7 
___ do ____ ___ N.A.C.A. hood ______ Ring 5° _____________ 15.8 
___ do _______ Ring 0° __________________ do_______________ 15.8 
Large ______ N.A.C.A. hood __________ do_______________ 15.9 
___ do _________ ___ do ____________________ do_______________ 15.9'117.01.04131.04031.03851.03581.03301.02891.02271.01481.00551 21.21 22.01·0638I·063°I·06121·05881·05561·05191 · (H691·04071·03201·021O 1. 0083 
___ do ____________ do _______________ Ring 0°_____________ 15.9 17.0 .0415 .0407 .0389 .0359 .0323 .0282 .0224 .0141 .0052 ___________________________________________ __ _________________________________ _ 
___ do ____________ do _______________ Ring5°_____________ 16. 5 17.0.0424 .0413 . 0393 .0368 .0339 .0303 .0249 . 0181 .0090 21.8 22.0 .0635 .0626 .0612 .0595 .0570 .0537 .0490.0437.0368 .0264 .0135 
=J~======= ===J~=============== i~~ ~~;===========: ___ do ____________ do _______________ Exposed cYlinders ___ 1 
___ do _______ Exposed cylinders ________ do ___ _________ __ _ 
=J~=====:= i!~i =f~:=========: =====~~:::==:=:===:::= Small ______ Exposed cylinders ________ do ______________ _ 
=::3g==:==== =::Jg::==:====:===:: i~i 8:;===:==:==::= :::~~::::::: : :::J~::::::::::::::: ~l~~ =~~o:::::::::: 
___ do __ _____ Ring 4° _____________ Exposed cylinders __ _ 
1(:11(1([[(; .~~~.(([:[::;:[ :~~~i~!;:l;[::l::: 
Large ______ N.A.C.A. hood ______ Ring 5° 



























16. 81 . 04041 . 03971 . 0377 .0356 
16. 8 . 0411 . 0403 . 0384 .0360 
16.8 .0412\ . 0~02 .0381 .0355 
16. 8 . 0409 . 0395 .0370 .0350 
16.8 .0406 .0393 .0373 .0347 
16.8 .0417 .0403 .0381 .0352 
16.8 .0409 .0393 .0370 .0348 
16.8 .0410 . 0396 .0375 .0350 
17.0 .0402 .0392 .0371 .0349 
17.0 .0407 .0402 .0385 .0359 
17.0 .0409 .0400 .0383 .0359 
17.0 .0412 .0401 .0382 .0355 
17.0 .0416 .0405 .0386 .0361 
17.0 .0420 .0405 .0383 . 0356 
17.0 .0406 .0397 .0381 .0362 
17.0 .0412 .0403 .0386 .0356 
17.0 .0407 .0394 .0374 .0357 
17.0 .0418 .0402 .0381 .0360 
17.0 .0408 .0399 .0377 .0352 
17.0 .0420 .0411 .0394 .036 
17.0 .0413 .0404 . 0386 .0361 
17.0 .0416 .0408 .0390 .0359 
17.0 .0424 .0418 .0400 .0370 
17.0 .0408 .0402 .0386 .0358 
17.2 .0421 .0413 .0394 .0369 



























: ~~; : m~1 : ~~ ---i!i'-2\--22'-0 -.-iiii3i -.-ooisl-.-ooii3 -.-05841 -.-os58 -'-OS27\''-0488 -'-04iiil-.-ii3si -'-025sl-.-oisi 
.0235 .0169 .0084 ------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------1------
.0235 .0166 .0078 21. 2 22.0.0630.0624.0611.0596.0561 .0524 .0476 ,0422 .0351 .0261 ,0157 
: ~~~ : ~m : ~~ ___ =~~: __ ::~~ _~~~~ _~~~~ _~~~ _~~~~ _~~~~~ _~~~~~ _~~:~ _~~~~ _~~~~ _~~::~ _~~~:~ 
.0235 .0170 .0083 ______________________________________________________________________________ _ 
.0240 .0168 .0089 ___________ ______ __ _____________________ ______________________________________ _ 
.~.~.~ n1 no.~.~.~ .~,~.~ .~.~.~.~.~ 
.0248 .0185 ,0108 _____________________________________________________________________________ __ 
.0245 .0177 .0094 ______________________________________________________________________________ _ 
.0243 .01SO .0101 ______________________________________________________________________________ _ 
.0238 .0178 .0101 ______________________________________________________________________________ _ 
.0242 .0181 .0106 ___________________________________________ ___________________________________ _ 
.0247 .0186 .0106 ______________________________________________________________________________ _ 
.0235 .0173 .0093 _____________________________________________________________________________ __ 
.0241 .0173 .0098 21. 1 22.0.0630.0620.0600.0574.0542.0506.0467.0415.0340.0240.0140 
.0232 .0170 .0080 21. 1 22.0.0615.0613.0591.0569.0540.0503.0457.0402.0331 .0240 .0138 
.0241 .0180 .0097 21.1 22.0.0628.0613.0594.0573.0544.0511.0470.0413.0340.0254.0134 
.0254 .0193 .0118 ______________________________________________________________________________ _ 
.0242 .0174 .0091 ______________________________________________________________________________ _ 
.0247 .0180 .0097 21. 1 22.0.0637.0619.0600.0576.0553.0520.0480.0426.0356.0268.0153 
.0246 .0183 .0104 ______________________________________________________________________________ _ 
.0240 .0183 .0100 ______________________________________________________________________________ _ 
.0242 .0172 .0071 20.8 22.0. 0620j .0620 .0610 .0586 .0560 .0518 .0473 .0404 .0314 .0217 .0113 
. 0254 .0185 . 0090 21. 3 22. 0 .06451 . 0628 . 0612 . 0590 . 0567 . 0531 . 0484 .0429 . 0352 . 0256 .0150 
l-C I.s-,.g~iC:::I-E~ii~~e(.iCYi;n(iers~~:I-Exii~~ed-CYijnders~:: 
___ do _______ Ring 00 _____________ Ring 50 
15.81 17. 01' 041l1' 04061' 03891' 03641' 03381' 03021.02501.01881.01051 21. 01 22.01,06101,06071,05931,05801 ,05611.05291.04891' 04371' 03661' 02721 ' 0163 n; i~: ~ : ~~~g : ~~~~ : ~~~~ : ~~~~ : ~~~ : ~~~ : ~~ : ~i~~ : = ___ =~~= __ ~~~ _~~~~: _~~~~: _~~~~~ _~~~~ _~~~~ _~~~~~ _~~~~ _~~: _~~~:~ _~~~~ _~~~~~ 
2-C I Large ______ 1 N.A.C.A. hood ______ I _____ do _______________ 1 16.8117.0\ . 04221.04101.03911.03691.03441.03101.02611' 02021' 01251 21. 01 22.01.06071.06061.05951.05801.05621 .05331.04941.04431' 03711' 02791' 0170 














































REAR PROPELLER POWER COEFFICIENT, CPR = p:3DS- Continued 
ANGLE OF ATTAOK=5° 






Large ______ N .A.O.A. hood ____ _ Ring 5° ___ _________ _ 
___ do __ ______ ___ _ do _____ ___ ___ _____ ___ do ___ ______ ____ _ 
___ do ______ ___ ___ do __ ___ ___ __ ____ Expos~d cylinders __ _ 
__ _ do _______ Exposed cylinders ________ do ___ __________ _ 
SmaIL __________ do ____ __ ____ __ ___ ____ do _____________ _ 
___ do _______ N.A.O .A. hood _ ____ Ring 5° ____________ _ 
___ do __ . ____ Ring 0° ___ ___ ________ ____ do ____ __ ___ ___ _ _ 
Large _____ N .A.O.A . hood ______ ___ _ do ____ __ _____ __ _ 
__ _ do ___ . ____ ___ _ do __ ____ __ __ __ ___ ____ do __ ___ ________ _ 
._ .do _________ ___ do ___ ____ ____ ___ Ring 0° ___ _________ _ 
_. do_ .. __ __ I _ __ do __ Ring 5° ___________ _ 
__ _ do _____ __ __ ___ do _ ____ ________ Ring 0° ____________ _ 
___ do .. _____ __ .. do _ __ ____ ______ Ring 5° ___________ _ 
__ _ do ____________ do __ ________ ___ Ring 10° _____ ____ __ _ 
__ _ do ______ ___ do __________ ___ EXllosed cylinders __ _ 
___ do __ _____ Exposed cylinders ____ ____ do _____________ _ 
__ _ do _______ Ring _5° _____ _______ ____ do ____ ___ ______ _ 
___ do _______ Ring _10° ___ ____ ___ . ___ _ do _________ ____ _ 
__ _ do ___ ___ Ring _15° __ ___________ _ do _________ ____ _ 
SmalL _ . __ Exposed cylinders ___ ___ __ do ____ __ _____ __ _ 
__ _ do __ _________ _ do ______ ___ __ __ Ring 10° ___ __ ______ _ 
___ do _________ _ do _______ ___ __ __ Ring 5° ____ ___ __ ___ _ 
___ do __ . __ . ____ do _________ __ _ Ring 0° _____ . ______ _ 
___ do ____ ________ do ___ __ ________ Ring -5° ___ _______ _ 
__ _ do __ ______ ____ do __ . ___ _____ _ _ Ring _10° _________ _ 
___ do ______ Ring 4° _________ ___ Exposed cylinders __ _ 
__ _ do _____ RingOO ______ ____ __ ____ _ do . ___ __ __ ____ _ _ 
===3g===-:-: ft\~~ =~~::= == == = = == == == =a~== ==== == ==== == ___ do ___ Ring _ 10° __ ____ __ _ ___ __ do __ __ . ________ _ 
___ do_ Hing4° __ . ___ _____ Ring 5° ___________ _ 
___ do _______ Ring _5° _ ____ ___ . _ __ __ _ do . ___ ____ ____ _ _ 
___ do ______ Ring 0° ___ __________ __ __ _ do .. __ . ___ __ ___ _ 
___ do_ _ __ . __ do _ ___ _ _______ Ring 10° ___ _ . ___ ___ _ 
___ do ___ .. ______ _ do_ _ __ ____ ______ Ring 0° ___ __ . ___ ___ _ 
Large _ __ . N.A.O.A . hood ___ __ Ring 5' __ ______ ___ _ 
___ do __________ _ do ______ _______ ___ do ___ __ __ ____ _ 
__ _ do ______ ___ . __ do _ ____ __ ____ . ___ __ . do _____ ____ ___ _ _ 
SmalL .. __ Exposed cylinders__ Exposed cyllnders __ 
___ do _____ __ Ring 0' __ ___ _____ ___ Ring 5° __ ____ ____ _ 





















17.0 0.0433 0.0416 0.0416 0.0391 0.0366 0.0335 0.0299 0.0226 0.0149 22. 0 22.0 0.0652 0.0630 0.0611 0.0586 0. 0558 0.0520 0.0471 0.0409 0.0312 0. 0185 -._ ---
17. 1 .0435 . 0420 .0396 .0364 .0332 .0283 . 0220 .0141 .0040 20.8 22.0 .0630 .0611 .0600 .0576 .0546 .0509 .0455 .0380 .0293 .0162 
- --- - -17.1 .0425 .0414 .0394 .0363 .0330 .0282 .0219 .0132 .0029 20.8 22.0 .0637 . 0630 .0608 .0582 .0550 .0509 .0457 .0385 .0288 . 0163 0.0022 
17.1 .04 15 .0410 . 0392 .0356 . 0320 .0278 .0222 .0142 .0040 20.8 22.0 . 0636 .0617 . 0603 .0574 .0541 .0500 .0450 .0388 .0298 .01SO .0061 
17.0 .0403 .0391 .0369 .0344 .0308 .0262 .0204 .0129 .0045 20.8 22.0 .0615 . 0608 .0584 . 0560 .0523 .0481 .0432 .0375 .0284 .0183 
- -- ---16.8 .0408 .0399 .0381 .0352 .0319 .0274 .0215 .0140 . 0052 
---- - - ----- - - - -- -- - ----- ------ --- - -- ------ -- -- .- - ----- -- -- -- ------ -- -- -- ---- - -16.8 .0415 .0403 .0383 .0359 .0319 .0272 .0213 .0137 .0047 21. 2 22.0 . 0635 .0630 .0617 . 0592 .0562 .0521 .0464 .0397 .0310 . 0195 .0066 
17.8 .0446 .0435 .0407 . 0370 . 0341 . 0285 .0211 .0113 -.0010 20.9 22.7 .0652 .0646 .0630 . 0612 .0577 .0525 .0463 .0378 .0275 .0158 . 0030 ~~: g/ g: ~L~~~ -~~~~I -~~~~~ -~~~~ -~~~ -~~~: -~~::~ -~~~~t ~~~ --:~J--=:~~ -~~~~ -~~~~ -~~~: -~~~I-~~~ -~~~:t~~~ -~~~~t~~~: _ ~~~~:I.~~~: 
16. 5 17.0.0427 . 0420 . 0402 . 0373.0338.0301.0252.0192 .0112 21. 8 22.0.0640.0628 . 0613 .0592 . 0570 .0532 .0492 . 0438 .0359 .0261 .0150 
15.8 16.8 ____ __________________ __ _________ ___ _______ ______ __ ________________ __ _____ ___ ___ ______ __ ___ __ _____ ______ ______ ___ __________ _________ _ 
15.8 16.8 . 0412 . 0400 . 0.'l8O .0361 . 0326 . 0289 .0242 .0174 .0096 21. 2 22. 0.0633 .0620 . 0604 .0584 .0566 . 0537 .0500 .0445 . 0383 .0279 .0166 15.8 16.8 _________ ____ ________ ___________ _____ ___ ________ ____ __________ _____ ____ __________ ____ __ _____ ___ • ________ ______________ ___ __ _________ _ 
15. 8 16.8.0408.0399.0382.0355. 0330 . 0295 .0240.0168 .0087 21. 2 22.0.0623 .0613 . 0598 .0581 .0560 .0525 .0487 .0431 .0357 .0260 .0149 
15.8 16. 8 . 0410.0400 . 0380.0355.0326.0287.0237.0178 .0100 21. 2 22.0.0624 .0618 .0606 .0587 .0557 .0524 .0489 .0436 .0361 .0276 .0187 15.8 16.8 ______ _____________________ ___ ___ ___ __ ______ _______ ____ __ __ ___ ____ _ ___ ____ ________ ______ ______ ___ _____ _ ____ __________ _____ __ ___ ____ _ _ 
15. 8 16.8 ____ ____ _____ ________ ______ ___ __ __ __ ______ ______ _____ __ ____ __ ____ __ ___ _______________ ___ ___ _______ __ _____ ____________ ___ _ __ ________ _ _ 
15.8 16. 8 _______ ______ ________________________ ___ _____ ___ _____ ___ _____ __ __ __ ________ ___ __ ___ __ ____ ___ ______ _________ __ __ ____ __ _____________ __ _ 
15. 8 17.0.0405.0395.0379.0351 . 0319 . 0283.0232.0167 . 0090 21.1 22.0.0617.0615.0599.0577.0545.0509.0473.0420.0352.0263.0150 15.8 17.0 ___ ___ __ ____ __ __ __ _________ ___ ___ ______ ___ ____ __ ___ ____ ___ ___ ___ __________ __ ________ __ ____ _ ____ ____ __ ___ ______ ________ ______________ _ 
15.8 17.0 ____ ___________ ________ _ _____ ___ ____ ____ ______ __ ___ ____ ___ ___ _______ ___ __ __________ __ ____ __ __ _____ ___ __ ___ __ _ ______ ___ ____ __ ___ _____ _ 
15.8 17.0 _________________________ ______ _____ _______ _____ ____ ___ ____________ ________ ____ ________ ____ __ ______ __ ___ ________ ________________ ____ _ 
15.8 17.0 ____ _____ ___ __ _______ ___ ________ _____ _____ ________ _____ ______ ____ ____ _____ _____ ________ ___ ___ ____ ____ __ _____ __ ____ __ ________ ____ ____ _ 
15.8 17.0 _____ __ ___ __ ______ ______ ____________________ _______ ____ __ ____ ________ ____ __ ____ ______ __ __ __ __ ____ : ____________________ ____ ___ ____ ___ _ 
15.8 17. 0 ____ _____ ___ __ . ______ _____ __ __ ___ ______ _______ ____ __ _______ ___ _______ ________ ____________ __ ___ __ __ ___ ____ ____ _____ _ ____ __ . _____ _____ _ 
15. 8 17. 0 . 0415 .0407 . 0386 . 0355 .0329 .0292 .0243 .0180 . 0100 ___ _______ ____ ____ __ ____ ____ ______ __ ______ ____ __ __ ____ ____ __ __ _______ ___ __ ___ _ 
15. 8 17. 0 .0414 . 0403 .0389 . 0364 .0330 .0292 .0244 . 0183 . 0110 21.1 22.0 .0620 .0618 .0602 .0577 .0547 .0508 .0469 .0414 . 0340.0250 .0155 
15. 8 17.0. (H20 .0406 .0385 .0362 .0328 .0292 . 0242 .0183 . 0097 21.1 22.0.0619.0610 . 0595.0571 . 0543 . 0505.0465.0415.0340 .0248. 0150 
15.8 17. 0 . 0403 . 0399 . 0380.0354 . 0324 . 0292.0242.0178 . 0093 21. 1 22. 0.0631.0615.0598 .0569.0549.0515 . 0480.0423 . 0355.0267.0155 15. 8 17. 0 _______ ___________ __ _____ ___ __ ___ ___ ______ __ ____ _____ _____ ___ .. ____ ______ ___ __ _ ____ _____ ___ ___ ___ _______ ____________ ___ ___ ___ ___ ____ _ 
15.8 17.0 _______ ______ _____ __ ______ . ____ ________ ____ ____ _ __ ____ ___ . __________ _____ __ ____ ______ __ ____ . ____ _ ______ ___ ___ _______ ____ __ ____ ______ _ 
15. 8 17.0 .0421 .0410 . 0391 . 0366 .0337 .0298 .0252 .0192 .0115 ___ ___ _____ _ ____ ___ ____ ___ ____ __ ___________ _____ _______ _____ ____________ _____ _ 
15. 8 17.0 _____ _ . ________________________ _____________________ ____ . _______ . __ ______ _____ __ __________ . ______________ _________________ __ . _ _____ _ 
15.8 17.0 ______ ---- -- --- - - - - - - - -- - - ---- ---- -- - - ---- --- --- __ _____ 1 ______ ------ ----- - - ---- - ---- -- - ----- -- - --- ------ - - ---- ------ ----- - -- -- -- - --- - -
15.7 17. 2.0412.0409.0395 . 0370 . 0338.0298.0247.0183 .0093 20.8 22.0
1










. 0434 .0426 
.0413 . 0.107 
.0358 .0352 
. 0364 . 0357 
.0422 . 0119 
. 0408 . 0384 . 0348 
.0391 . 0371 .0339 
.0336 .0312 .0239 
.0343 .0319 .0295 
.0101 .0377 .0350 
.0305 . 0255 .0189 .0102 21. 3 22.0 
. 0300 .0249 .0190 .0110 21. 0 22.0 
.0255 . 0213 .0158 .0103 21. 2 22.0 
.0270 .0225 .0166 .0098 ---.-- ------
.0311 .0265 .0205 .0119 21. 0 22.0 
. 0648 .0635 .0617 . 0598 .0570 .0540 .0507 .0454 .0370 .026-7 .0150 
.0613 .0615 .0610 .0599 .0573 .0540 .0500 .0446 .0374 .0285 .0175 
.0619 .0607 .0593 .0577 .0558 .0530 .0500 .0459 .0401 .0325 .0228 
------ -----. ------ -- ---- ------ ------ ------ .----- -- -- -- --.- -- ----.-
.0636 .0628 .0614 . 0595 .0570 .0542 . 0502 .0449 .0375 .0280 . 0167 
3-0 L __ do ___ ____ L ___ do ___ _____ ____ ._L ___ _ do __ 
15. 8 








































PROPULSIVE EFFICIENCY, 1]= (T-~D) V 
ANGLE OF ATTAOK=-5° 
Front propeller: Rlght·hand no. 441z.-4.foot diameter. Rear propeller: Left-hand no. 4412---4·foot diameter 
Engine cowling 
Nacelle I Type of 











L arge ..•••• N.A.O.A. hood .•... Ring 5° .•.•...••••••• 
. •• do . .••••.••••• do ...•....•• ___ .. ____ .do_ .. _._. ____ ___ _ 
__ .do __ ___ ..... __ do_ . ... ______ . ___ Exposed cylinders __ _ 
. __ do_ ... __ . Exposed cylinders. ____ ._.do._ .. __ . __ ____ ._ 
Small ___ .. _ ._ . .. do ____ . _______ ___ ... _do ... _. ______ . __ _ 
:::~~::::::: i:i:g~.;~~_~~~~:::::: .~~~~r:::::::::::::: 
Large __ . _. _ N.A.O.A. hood .• _. _______ do ____ ._. _______ _ 
___ do .. _______ . __ do ___________ _________ do .. ________ . __ ._ 
__ .do_._ ._. ______ do __ . ______ . ___ __ Ring 0° ___ . ___ ... _._ 
____ .do _____ ._. __ do_. _________ ._._ Ring 5° _. ___ . _____ .. 
___ do. __ ._ ... _. __ do ______ ___ ._ ... _ Ring 0° ___ . ___ . ____ _ 
___ do ___ .... _____ do. __ ._._. _______ Ring 5° •. ___ .... __ __ 
. __ do ___ ._. _ _____ do .• __ . __ . __ . ____ Ring 10° _______ . ___ _ 
___ do _______ •.. __ do ___ .. ___ . __ ... _ Exposed cylinders __ _ 
___ do _______ Exposed cyiinders •. _____ .do __ ____ ___ ____ .• 
___ do .. ___ .. Ring _5° _____ . _______ . __ do .. ___ . ___ . ____ _ 
__ .do ____ .. _ Ring _10°. _____ .. _. ___ ... do_. ____ ._. ____ _ _ 
. __ do. __ .. __ Ring _15° ___ . _________ . __ do .. __ ___ __ . ____ _ 
SmaIL __ .. Exposedcylinders. ____ .. _do .... __ __ .. ____ _ 
__ .do ___ ._. _ ____ _ do __ • __ . _________ Ring 10° _______ . ___ _ 
___ do ____ ... __ . __ do. ____ . _______ __ Ring So _____ ___ .. _._ 
___ do ____ . ____ ._.do. ____ ______ . ___ Ring 0° ___________ ._ 
:::~~::::::: :::::~~::::::::::::::: ~~~ =f~·:::::::::: 
._.do __ ___ .. Ring 4° ___ .. __ . ___ .. Exposedcylinders __ _ 
__ .do . . _ ... _ Ring 0° . ___ . _____________ do ____ ._. ______ __ 
__ .do ___ ._ .. Ring - 5° __ ______________ do ____ ___ ._. ____ _ 
___ do _______ Ring -8° _______ ____ __ . __ do _________ ._. __ _ 
•• _do _______ Ring -10° ____ __ ______ . __ do. ___ ______ . ___ _ 
:: :g~::::::: ~~~ ~5°::::::: :::: .~~~~g~::::::::::::: 
=J~::::::: :~~~r_:-:==::=:::=:: -~~n2~·=:=:::=::=:: 
Large ___ __ N.A.O.A. hood ____ . Ring 5° ____________ _ 
__ .do ____ ___ __ __ _ do __________________ .do __ _____ . ___ . _._ 
___ do ____________ do_. _____ . __ . _________ do ... __________ ._ 
Smail __ .___ Exposed cylinders_ _ Exposed cylmders ___ 



















.""'. --"=- --"=- --"=- ~.J...":.. ~ --"=-~ ~ ",,"' R_ --"=-~ ~ ~ ~ ~ --"=-~~ ~I--"'-
° ° ° 
17.0 0.187 0.357 0.502 0.612 0.696 0.743 0.738 0.581.. .... 22.0 22.0 0.141 0.281 0.414 0.536 0.640 0.717 0. 770 0.800 0.798 0.707. ..•.• 
17.1 . 197 . 370 .517 .621 .711 .766 . 750 .589 
-- ----
20. 8 22.0 .151 .297 .434 .559 .662 .741 .795 .826 .825 . 718 
------17.1 .195 .369 .513 .622 .708 .756 .741 . 577 
-- --- -
20.8 22.0 .149 . 293 .429 .554 . 659 .740 .793 .822 .821 .688 
------17.1 .192 .364 .516 .636 .727 781 .790 .676 
.---- -
20.8 22.0 . 151 .294 . 429 .552 .656 .734 .790 .832 . 850 .800 0.524 
17. 0 .197 .370 .516 . 630 . 722 .775 .780 .602 
------
20.8 22. 0 .148 .293 .430 .558 663 . 745 .798 .831 .847 .795 .370 
16. 8 .198 .372 .520 .635 .714 .761 .773 .600 
------ --.---- --- - -- - - ---- ------ ----_. ----- - ------ ------ - -- --- ------ - --- -- ------ ------16.8 .199 .377 .527 .642 . 735 .803 .827 .731 
------
21. 2 22.0 .154 .301 .437 . 561 . 668 .757 .821 . 865 .910 .937 .820 
15.9 17.8 .194 .368 . 511 . 620 .700 .747 .740 . 540 
-. ----
20.9 22.7 . 151 .297 . 431 .552 . 650 .726 .767 . 791 .774 .652 
------
15.9 17.0 .199 . 372 .513 .620 .693 . 739 .732 .568 ____ _ . 21. 2 22. 0 .150 .293 . 428 .648 . 650 . 722 .759 .777 .777 .6931 .081 15.9 17.0 . _. _________ . _._. _______ ._. ___________ . .. _ . .. ___ ._._ .. __ . ___ .... __ . ___ ___ ._._. _____ . ___ .... __ ..... ~._._ . _______ .. _________ __ _ .. __ . __ _ 
16.5 17. 0 .193 .364 . 508 .620 . 709 .762 .759 .631._.... 21. 8 22.0 .145 . 288 .423 .547 .651 .727 .777 .810 .824 .723 .049 
. ~~: ~ ~~: ~ ":200 --:377 --:526 '-:641 --:720 --:762 ":750 ":59i :::::: "'2i:2 --22:0 ":149 --:295 '-:432 --:555 '-:655 --:730 " :7851--:8i9 --:822 --:7451--:27i 
15.8 16.8. ____ • __ . ___ .. _____ ____ .. __ ... ____________ ._._ .. ____ __ .. ___ ._ . ___ . ___ ... _ . _._ .. ________ . ___ ... _____ ..... _. _____ .... _____ .. _ .. _ .. _._ .. 
15.8 16. 8 .201 .378 .526 . 639 .719 .765 .757 .5940_. __ . 21. 2 22.0 .152 . 298 .434 .554 .656 .730 . 778 . 808 .806 .720 .240 
15.8 16. 8 .200 .377 .526 .645 .739 .795 .804 . 720 ____ ._ 21.2 22.0 .150 . 294 . 430 .556 .673 .751 .813 .850 .852 .824 . 664 15.8 16.8 .. . _ ... _._ .. __________ ... _____ ._ .. ______ . ___________ _____ . __ " __ ._ .. ____________ . ___ . ___ . __ ... ____ ._ . . .. __________ __ _____ . ____ .. __ __ _ _ 
15.8 16.8 . .. _. ___ . _____ ._ .. __ ._ ... _______ .. ____ __ .. ____ __ ____ . ____ . ___ . . __ .. ___ _ . _____ . ___________ ._ . _____ __ . . .. ______ . ___ ._ ... _ .. ___ ... __ . __ _ 
15.8 16.8 __________ ._ . _____ __ ..... __ ._. ___ .... ___ .. ____ ________ • __ ._. ___ ._. _____ . ____ . ______ . ___ • _____ . ___ . _________ ._ . ___ . ___ . __ .. , __ .... __ ._ 
15.817.0.195.367.513.631.727 .784 .794 .668 ____ ._ 21.122.0.145.285 . 421 .549 .656 .738 .800 .846 .858 .804.541 15.8 17.0 __ . _________ . ___ . _____ .. ____ . _____ . ___ . __ . ____ __ ____ . ____ . ______________ . ______ __ . _____ __ . ___ . _________ . ___ . _ __ ._. ______ .. ___ .. _. ___ _ 
15.8 17. 0 ______________________ .. ____ . _________ ._. _ ____ ____ . _______ . ______ ______ ._ .. __ ______ .. ________________ . __ _ . __ . ____ .. __ ._ .. __ .. _______ _ 
15.8 17.0. _______ . _______ .. __________ .. ____ __ ____ . _____ .. ____ ___ ._. _____ . _____ ._. ____ . ______ . __ _ . _. _____ .. __ ._. _____ .. ________________ .. ___ __ _ 
15. 8 17.0 __ ._. _____ .. __________ . _ __ ___ . ____ ______ __ ____ .. ____ . __ ._ ... ___ . ________ ___ ._ .. ____ . _ __ . _. ___ ._. __ _ . _ .. __ ._. _______ .. ___ . _____ . __ . __ _ 
15.8 17.0 __ ..... _. ___ ____ .. ____ .. ____ __ __ ._. ________ _________ _ •. __ _____ _ .. _______ _______ __ _____ _ ._ .. ________ ._. _____ _____ . ________ ._._._ ._. __ _ 
15.8 17.0 __ ._._ ._._ .. ____ .. . ___ .. ______ __ . _. ______ . _______ ______ . _______ ._. _ ____ ______________ ._._ .. __ . _________________ . ____________ ___ . ___ . _ 
15.8 17.0 .193 .375 .529 .653 .749 .809 .822 .744 ____ • __ . ____ . __ . ... __ . _ .. ___ ... __ . _____ ..... _____ ._. ___ ._._._ . __ .. ___ ._. ___ . __ .. ___ ._ 
15.8 17.0 .198 .373 .520 .6tO . 732 . 799 820 . 728 ____ __ 21.1 22.0 . 146 . 288 .427 . 554 .667 .758 . 823 . 885 .878 .850 .738 
15.8 17. 0 . 193 . 361 . SOt . 627 .721 . 785 .797 .666 ______ 21.1 22. 0 .146 . 288 .423 .548 .656 .738 . 802 .839 .849 .810 .540 
IS.8 17.0.198.367.514 .629 .726 . 783 .776 .618 ______ 21.122.0.147 . 290 . 428 . 552 .661.736.794.830.845.818.612 15.8 17.0 _____ _________________________________________ ___ ____________________________ __ _____ __ ____________ _____ ________ __________ . __________ _ 
15.8 17.0 ____ ______ ________ . _________________ ___________________________________ __ __ ________ ________ ____________ __ ____ _______________________ _ 
15.8 17.0 .198 .374 .530 . 654 . 760 .825 .864 .810 ______ 21.1 22.0 .147 .290 .429 . 560 . 679 .777 . 846 .902 .931 .943 . 886 15.8 17.0 __ ___ ___________ ____________________________________________ _ ____________________________ __ _________________________________________ _ 








17. 0 .193 
15.6 . 207 
15.6 . 208 
.367 . 513 
.364 . 509 
. 380 .498 
.380 .519 
.382 .524 
.628 . 710 .758 
.618 .702 .758 
. 602 .684 .729 
. 629 . 704 .751 
.632 .717 .780 
.762 .591 
------
20.8 22.0 .158 
.765 .651 
------
21. 3 22. 0 . 148 
.735 .642 
------
21.0 22. 0 .149 
.766 .669 
---- --
21. 2 22. 0 .140 
.804 .740 
------
. __ .. _--
------ ------
.305 . 440 .560 .654 .728 .777 . 808 .808 .724 .227 
.289 . 423 . 543 . 642 .714 .766 . 800 . 816 .772 .502 
.289 .417 .530 .622 . 695 .740 .768 .7S7 .690 .430 
.280 .414 .S35 . 637 . 711 .769 .817 .855 . 870 .839 
------ ------ ------ ------ ------ ------ ------ ------ ------ ---- --
2-0 I Large ____ .. ' N.A.O.A. hOOd ____ ·I __ · __ dO _________ ______ , 15.8 
3-0 ___ do ___ __ .. _____ do _____________ •. __ __ .do_. _____ . ___ __ .. 15.8 
17.0 .193 .361 .499 .602 . 670 .715 . 720 .651 --- .. _- 21. 0 22.0 .147 .286 .414 .525 .616 . 683 .735 . 770 .783 .754 .562 
17.0 .193 .360 .498 .601 . 680 .722 .744 .668 


































PROPULSIVE EFFICIENCY, '1 (T-6D)V p 
ANGLE OF ATTACK-0° 
Continued 
Front propeller: Right-hand no. 441~-foot diameter. Rear propeller: Left-hand no. 4412-Hoot diameter 







Front 1 Rear 1 0.1 
v 
7i15 




0.7 1 0.8 1 0.9 1 Front 1 Rear 1 0.1 0.2 1 0.3 1 0.4 
V 
nD 
0.5 1 0.6 1 0.7 1 0.8 1 0.9 1.0 1.1 
---I 1---1--1--1--1--1--1--1--1--1--1--1---1--1--1--1--1--1--1--1- -1- -,,--,--,--
I-A I Large ______ N.A.C .A. hood ______ Ring 5° -------------
2-A ___ do ____________ do ___________________ do _____________ _ 
___ do ____________ do ______________ Exposed cylinders __ 
___ do _______ Exposed cylinders ________ do ___________ __ _ 
SIDaIL __________ do ___________________ do _____________ _ 
___ do ______ N.A.C.A. hood _____ Rinl' 5° ____________ _ 
___ do _______ Ring 0° __________________ do _____________ _ 
3-A I Large ______ N.A.C.A. hood __________ do _____________ _ 
I~A ___ do ____________ do ___________________ d o ______________ _ 
___ do __ __________ do ______________ Ring 0° ____________ _ 
:: I:::::::::::: ::::::::: :::::::::::: :::~:: :::::::::::: 
:::g~::::::: : ::::g~:::::::::::::: ~~~ ~~.:::::::::::: 
___ do ____________ do_ _____________ Exposed cylinders __ _ 
___ do ____ ___ Exposed cylinders ________ do _____________ _ 
__ _ do_______ Ring -5° ________________ do _____________ _ 
___ do _______ Ring -10° __ _____________ do _______ ______ _ 
___ do _______ Ring -15° _______________ do ________ _____ _ 
SmaIL ____ Exposedcylinders ________ do ____________ _ _ 
___ do ___________ do ______________ Ring 10° ___________ _ 
:J~::::::: :::Jt:::::::::::: i~! ~i~::::::::::: 
___ do ____________ do __ ____________ Ring -10° __ _______ _ 
___ do ___ ___ _ Ring 4° _____________ Exposedoylinders __ _ 
___ do _____ __ Ring 0° _________________ do _____________ _ 
___ do_______ Ring _5° __________ _ _____ do _____________ _ 
___ do _______ Ring _8° ________ ________ do _____________ _ 
___ do _______ Ring -10° _______________ do ______ _______ _ 
' ___ do_______ Ring 4° _ ____________ Ring 5° __ . _________ _ 
___ do _______ Ring _5° ________________ do _____________ _ 
:J~::::::: :~~~~t:::::::::::: -~i~n2~~::::::::::: 
3-B Large ______ N.A.C.A. hood _____ Ring 5° ____ __ ______ _ 
4-B ___ do ____________ do ___________________ do _____________ _ 
1-0 ___ do _______ __ ___ do ___________________ do _____________ _ 
SmnlL____ Exposed oylinders___ Exposed cylinders __ _ 
___ do ___ ____ Ring 0° _____________ Ring 5° _________ ___ _ 
2-0 1 Large ______ N.A.C.A. hood __________ do _____________ _ 
17.0 17. 0 0.187 0.358 0. 499 0.608 0.690 0. 734 0.733 0.508_ _____ 22.0 22.0 0. 147 0.287 0.418 0.536 0.637 0.719 0.765 0.800 0.800 0.690 _____ _ 
15.9 17.1 .197 .374 .520 .632 .716 .760 .740 .522 ______ 20.8 22.0 . 151 .296 .432 .556 .660 .740 .792 .813 .793 .667 _____ _ 
15.9 17.1 .196 .371 .517 .624 .704 .749 .730 .484 ______ 20.8 22. 0 .151 .295 .430 .554 .651 .724 .774 .800 .786 .654 ____ _ _ 
15.9 17.1 .196 .370 .520 .633 .713 .774 . 783 .624 ______ 20.8 22.0 .151 .298 .437 .561 .662 .736 .792 .840 .871 .790 _____ _ 
15.7 17.0 .196 .367 .514 .630 .716 .780 .772 .574 ______ ZO.8 22.0 .148 .290 .425 . 549 .655 .744 .804 .839 .836 .700 _____ _ 15.8 16.8 .1119 .368 . 508 . 622 .708 .761 . 772 .607 ___________________________________________________________________________________ _ _ 
15.8 16.8 .198 .374 .524 . 648 .744 .807 .826 .700 ______ 21. 2 22.0 .150 .297 .436 .563 .669 .755 .825 . 884 .939 .962 0.747 
15.9 17.8 .195 .367 .509 .611 .697 . 739 .740 .546 ______ 20.9 22.7 .154 . 298 .432 .548 .643 .716 .766 .785 .748 .560 _____ _ 
15.9 17. 0 .198 .372 .516 .625 .705 .742 .743 .571 ______ 21. 2 22.0 . 146 .285 . 418 .638 .641 .717 .766 .791 .776 .652 _____ _ 15.9 17.0 .187 .366 .505 .612 .693 .735 .731 .532 ____________________________________________________________________________________ _ 
























































































































































































































.662 __________________________________________________________________________________ __ _ 
.695 ______ 21. 2 22.0 .150 . 295 .432 . 556 .662 .741 .793 .825 .839 .791 .536 
. 710 _______________ . _____ ____________________ ____ ____________ ________ ____ ______ __ ___ ____ _ 
.671 ______ 21. 2 22.0 .149 .294 .429 .552 .656 .738 .797 .826 .817 .756 . 533 
.750 ______ 21. 2 22.0 .147 .291 .431 .560 .674 .761 .826 .872 .889 .854 .670 
.774 _____________________________________________________ ______________ ____ ___ __________ _ 
. 700 ____________________________ _________________ . _______________ ____ ________ ____ _______ _ 
. 73'4 ____________________________________________________________________________________ _ 
.733 ______ 21.1 22. 0 .150 .294 .431 .556 .8M .747 .808 . 850 . 868 .850 .677 
.800 ___________________________________ __ _______________________________________________ _ 
.794 ___________________ _____ _____ _______________________________________________________ _ 
.798 ________________________ _____________ ___ _____ _________ _ _____ ________________________ _ 
: m :::::: ::::::: :::::1-:::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: 
: ~i~ :::::: ::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::\:::::: :::::: :::::: 
.714 ___ ___ 21. 1 22. .145.287.425.554.660 . 741.800.840.863.850.567 
.685______ 21.1 22.0 .146 .287 .424 .549 .654 .738 .795 .840 .860 .803 . 512 
.720 ______ 21.1 22.0 .146 .290 .429 .554 .664 .751 .812 .860 .888 .886 .774 
: ~~8 :::::: ::::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::1:::::: :::::: :::::: :::::: :::::: 
.882 ______ 21.1 22.0 .145 .289 .430 .564 .682 .777 .854 .920 .967 .980 .934 
.872 ______ ______ _________________ _______________________________________________________ _ 
.835 ______ . ___________________________________ __ ________________________________________ _ 
15.7 17.2 .198 . 370 .516 . 626 .716 .776 .780 .656 ______ 20.8 22.0 . 156 .302 .440 .560 .659 .733 .784 . 821 .849 .770 .316 
16.1 17.0 .195 .367 .510 .622 .708 .750 .765 .667 _____ _ 21. 3 22.0 .143 .284 . 418 . 541 .647 .726 . 777 .804 .812 .770 .472 
15.8 17.0 .192 .358 .496 .596 .670 . 706 .707 .618 ______ 21.0 22.0 .148 .286 .412 .520 .610 .681 . 727 .747 .737 .662 .422 
14.7 15.6 .206 .380 .517 .619 .685 .724 .716 .573 ______ 21. 2 22.0 .141 .279 .409 .525 . 617 .683 .729 .768 .793 .806 .713 14.7 15.6 .205 .379 .519 .621 .703 .757 .796 . 7ZO ________ ,, __________________________________________________________________________ _ 
15.8 17.0 .190 .357 .495 .602 .676 .716 .715 .636 ______ 21. 0 22.0 .149 .289 .419 .531 .624 .694 .736 .762 .764 .723 .572 
































PROPULSIVE EFFICIENCY, '7 (T-~D) V -Continued 
ANGLE OF ATTAOK=5° 
Front propeller: Rigbt band no. 4412-4-foot diameter. Rear propeller: Left hand no. 4412-4-foot diameter 















Front I Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I Front 1 Rear 1 0.1 1 0.2 1 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I 1.0 I 1.1 
---'---1 1---.--.--.--.--.--.--.--.- -.--.--.---.--.--.--.--.--.- -.- -.- -.--.--.--.--
I-A I Large __ ____ N.A.O.A. bood ___ __ _ Ring 5° -- --- --- - - - --
2-A ___ do __ _________ _ do ____ ______ ________ __ do ___ _____ ______ _ 
___ do ___ ___ _ _____ do ___ _______ _____ Exposed cylinders __ _ 
__ .do _______ Exposed cylinders . __ ___ __ do ___ ___ ________ _ 
SmalL __ ___ _____ do _____ _____________ __ do ____ __ ________ _ 
___ do ____ ___ N.A.O.A. hood ___ __ Ring 5° ____________ _ 
___ do ____ ___ Ring 0° _________ _______ __ do ___ ___ ________ _ 
:~ I_~::~::~~~ ~ _ ~~~~~~: _~~~~_-_~~: ~ ~~~~~ ::~~~~~:::~::~~:: 
___ do __ ______ ____ do ________ _______ Ring 0· __ ______ ___ _ _ 
:~: I;;;ii;~~;;; ; ;;;;;ii;;;;;;;;;;;;;;; iii! ii;;;;;;;;;;;;; 
___ do ____ ____ ____ do ____________ ___ Exposed cylinders __ _ 
___ do _______ Exposed cylinders ___ _____ do ____ ___ ___ ____ _ 
:J~:::::: : ~~! =~~::: : : : : : : :: :::J~:::::::: : :::::: SmaIL ____ Exposed cylinders ______ __ do ______________ _ 
:J~::::::: : : :J~::: : :: : :::::::: !!~! g~;::: : ::: : : : :: 
___ do __ ____ _ _____ do ___ ___ ______ ___ Ring _5° ___ _______ _ 
___ do ________ ____ do ___ ____________ Ring _10° __ _______ _ 
___ do ____ ___ Ring 4· ______ ____ ___ Exposed cylinders __ _ 
••• " ••• . Ii~~lt ••• ~.: •••• ~i;R~~ •••• ~ ~.~ ~ ~ . 
___ do __ ____ _ _____ do ______ ____ ___ -_ Ring 0° __ __________ _ 
3-B I Large __ ____ N.A.O.A. bood _____ Ring5° ____ ________ _ 
4-B ___ do ______ _ _____ do __ ____ ________ _ ____ _ do __ __ _________ _ 
1-0 - S~~il~~:: : : - Exp~~e(fcYljn(fers~-:1 E;; ii~~ed Cyljllifers~:: 


















. 195 .367 
.196 .365 
.195 . 364 
.195 .367 
. 199 .371 
.199 . 374 
.195 .358 
0.501 0.605 0.675 
.508 .609 .690 
.500 .602 .681 
.506 . 620 .699 
.508 . 619 .708 
.508 .616 .705 
.517 .630 .734 
.491 .593 .671 
0. 711 0.687 0.402 
-- ---. 
22.0 22.0 0.141 
.729 .682 .413 
- - --- -
20.8 22.0 .155 
.724 .700 .416 
----- -
20.8 22.0 .154 
.748 .738 .574 
------
20.8 22.0 .1 52 
.760 .730 .434 
-----. 
20.8 22.0 .149 
. 766 .785 .659 
------ ------ - - - ---- ------
.808 . 826 .680 
----- -
21. 2 22.0 .153 
.722 .704 .428 
-- -- --
20.9 22.7 . 151 
0.277 0.404 0.517 0.614 0.690 0.756 0.760 0.755 0. 560. __ ____ 
.301 .433 . 548 .640 .710 .765 .790 .742 .590 
- - - ---
.298 .429 .541 .636 .712 .759 .787 .776 .630 
----- -
.295 .425 .538 .634 .714 .776 .820 . 837 .777 
-----. 
.289 .4.22 .542 .646 .726 .787 .808 .791 .672 ------
------ - - - - +- ------ ----- - - ----- -- --- - - - --- . ---- -. ---- - - ------
. 297 .429 .546 .648 .739 .817 .890 .938 .942 0.611 
.292 . 419 .529 .620 . 694 .752 .784 .765 .546 
------~~: ~I g: ~ __ ~ ~~:I-_~~~ __ ~ I __ ~~~~ _ ~~I __ ~ :=~ __ ~:~t~~ :::::1_=~~= __ :~~I __ ~ ~~~ __ ~ ~~L_~~= __ ~~~L_~ ~~~ __ ~:~~ I __ ~:~~ __ ~::~L~::~ _  ~~~I:::::: 
16.5 17.0 .195 .368 . 514 .626 .721 .771 .779 .717 ______ 21.8 22.0 .147 .291 .428 .551 .657 .732 . 795 . 836 . 852 .8181 .610 
15.8 16.8 _________ ___ ___ ___________ _______________ _ __ __ ________ -- _______ __ ______________________________________ . __ __ _ ___ __________ ___ __ ___ __ _ 
15. 8 16.8 .200 .379 .528 .648 .733 .780 .783 .712 ______ 21. 2 22.0 .151 .296 .433 . 558 .663 .744 . 798 .833 .851 .851 .763 15.8 16.8 ____ __ __ ___________ ___ __ __ ______ __ _______ _ ________________________________________________________ _______________________ __________ __ 
15.8 16.8 .199 .375 . 520 .634 .724 .782 .804 .725 ____ __ 21. 2 2'2.0 . J51 .296 .431 .553 .656 .736 .794 .833 .853 .840 .714 
15.8 16.8 .200 .376 . 524 . 642 .733 .798 .821 .770 ______ 21. 2 22.0 .151 . 296 .434 .560 . 666 .751 . 814. .861 .894 .902 .806 15.8 16.8 _________________ _ _______ ______ __________________ -' ___ - _____________________________________________________ _ _____ ___ _____ ___ ____ __ _ _ 
15.8 16.8 ________ __ ______ __ _________ _____ __ ______________________________________________________________ _ ______ __ ______ __ __ __ __ __ ________ __ _ _ 
15.8 16.8 __ __ ________________________ __ _______ __ _______________________ __________________ ___________________ __ __________ _________ _ ________ __ _ _ 
15.8 17.0 .195 .368 .513 .630 .728 .786 .816 .767.____ _ 21.1 22.0 .145 . 285 .419 . 545 . 659 . 747 .806 .844 .865 .850 .780 15.8 17. 0 __________ __ ___ ___ ____________________________________ -- __ _________________________ __ ___________________________ ___ ______ __ __ __ ____ _ _ 
15.8 17.0 _____ _ ___________________ __________ ___ ___________ _____ -- -- ________________________________________ _____________________ __ __ __ ___ __ __ _ 
15.8 17.0 _______________ ___ _______________ ____ _____ _______ _____ ---- ____________ _______________________ __ ____ __ _________________ _____ __ ___ ___ __ 
15.8 17. 0 _______________ ______________________ _________________ ------- ___________________________ __________ ___ ______________ __ _______ ___ ___ __ _ 
15.8 17.0 _____________ ________________________ _____ ____________ -- - - __ _ _________________ _ ___ _____________ __ ____ ___ __________ ___ _______ ________ _ 
15.8 17.0 ___________________ _____ __ ______ _____ _________________ ---- __ _ _____________________ _____________ __________ __ __ ________ ____ __________ _ _ 
15.8 17.0 .193 .365 .516 .639 .735 .806 .841 .830 ______ ------_ -____________________ _______________ __ __ __ _____ _ ____ __ __ __ _______ _ ____ __ 
15.8 17. 0 .196 . 372 . 520 .640 .730 .783 .806 .760 ______ 21.1 22.0 .151 .293 .429 .552 .662 . 750 .811 .858 .891 .880 .767 
15.8 17.0 . 192 .364 . 509 .625 .715 .773 .788 .700 ______ 21.1 22.0 .145 .285 .420 .546 .657 .742 .796 .831 .846 .808 .626 
i~:~ g:~ __ ._ ~~~ __ ~~~: __ ~~~~ __ ~~~I _ ~:~~ --~ ::~I--~~~= - - '- :~~ :::::: -- -=~~ ~ I-- =:~~ --~ ~~~ --~~: --~~~I --~~~~ --~~~I-- ~:~~ --~:~~I --~~~ --~~~: I- - ~~~ --~:~~ 15.8 17.0 _ ___ ____ _____ ______ ____ _______ _________________ ______ ________________ _ ____ __ ___ _________ ____ __________ __ ______ ___________ __ _ 
15. 8 17.0 .195 .370 .520 .642 .742 .817 .864 .866 ______ 21.1 22.0 ______________ __ _______ _ ______ _____ _ __ _________________________ __ _ 
15. 8 17.0 ____________ ____ ________________ __ ___ ___ __ ___________ -- __ _____________________ __ ______________________________ __ ______ __ __________ _ _ 
















. 518 .630 .710 .763 
. 506 .617 .698 .750 
.484 .571 .634 . 676 
.501 .597 .657 .695 
.495 .587 .647 .677 
.789 .741 
-- ----
20.8 22.0 .156 
.747 . 658 
------
21. 3 22.0 .150 
.676 .578 
------
21.0 22. 0 .146 
.706 .615 
---.--
21. 2 22. 0 .144 
. 682 .589 
--- - --
--- -- - . _._-- - --._- -
.299 .431 .548 .648 .735 .799 .842 .862 .839 .753 
.293 . 428 .547 .647 .721 .765 .796 .811 .761 .568 
.279 .396 .497 . 578 .642 .690 .712 .708 .654 .440 
.282 .407 .514 .600 .667 .719 .758 .784 .807 .819 
-- ---- - -- -- - ------ ------ --- - - - -----. ----- - ------ - - - - --
_. -. -. 
2-0 I Large ______ 1 N.A.O.A. hOOd _____ I- --- -dO----- ---------- 1 15.8 
3-0 __ _ do __ _____ __ ___ do _____ ________ : _ _____ do___ ____________ 15.8 
17.0 .190 .351 .484 .580 .650 . 689 .691 .612 
------
21. 0 22.0 .145 .280 .405 .514 .600 .662 .702 .722 .705 .654 .458 
17.0 .191 .353 .485 .584 .654 .700 .701 .632 
-- ----








































PROPELLER OPERATING COEFFICIENT, Cs= 5 IppVT 
-y np2 
ANGLE OF ATTAOK~5° 











__ I Front Rear I Front I Rear l~!~I~I~I~I~I~I~~ Front Rearl~I~I~I~I~I~I~I~I~I~I~ 
I-A 
2-A 





___ do ____________ do ____________ _______ do _____________ _ 
___ do ____________ do ______________ Exposed cylinders __ 
___ do __ _____ Exposed cylinders _______ do _____________ _ 
Small. _________ do ___________________ do _____________ _ 
___ do ____ . __ N.A.O.A. hood _____ Ring 5° __________ __ _ 
___ do _______ Ring 0° __________________ do _____________ _ 
Large _____ N.A.O.A. hood __________ do _____________ _ 
___ do ____________ do ___________________ do _____________ _ 
___ do ____________ do ______________ Ring 0° ____________ _ 
___ do ____________ do_ _ ____ ________ Ring 5° ____________ _ 
__ .do ____________ do ___ _____ ______ Ring 0° ____________ _ 
___ do ____________ do_ _____________ Ring 5° ____________ _ 
___ do ____________ do ______________ Ring 10° ___________ _ 
___ do ____________ do ______________ Exposed cylinders __ 
___ do _______ Exposed cylinders _______ do _____ ________ _ 
___ do _______ Ring _5° ___ _____________ do _____________ _ 
___ do _______ Ring -10° _______________ do ________ __ ___ _ 
___ do _______ Ring -1.~0 _______________ do _____________ _ 
SmaIL ____ Exposed cylinders _______ do _____________ _ 
___ do ____________ do ______________ Ring 10° ___________ _ 
___ do ___________ _ do ______________ Ring 5° , ___________ _ 
___ do ____________ do_ _ ____________ Ring 0° ____________ _ 
___ do _______ _____ do _______________ Ring _5° __________ _ 
___ do __________ __ do ______________ Ring -10° _________ _ 
___ do _______ Ring 4° _____________ Exposed cylinders __ 
___ do ______ . Ring 0° __________________ do _____________ _ 
___ do _______ Ring _5° ________________ do _____________ _ 
___ do _______ Ring _8° ________________ do __ · ___________ _ 
___ do _______ Ring -10° ___ __ __________ do _____________ _ 
___ do _______ Ring 4° _____________ Ring 5° ____________ _ 
___ do ______ . Ring _5° ________________ do _____________ _ 
___ do _______ Ring 0° __________________ do _____________ _ 
___ do ____________ do ______________ Ring 10° ___________ _ 



































3-B I Large_ ---- N.A.O.A. hood _____ 1 Ring 5° --.---------- 15.7 
4-B ___ do_. __ . _______ do ___________________ do______________ 16.1 
1-0 ___ do ____________ do ___________________ do_ _____________ 15.8 
Small. ____ Exposed cylinders __ Exposed cylinders_ _ 14.7 
___ do ______ . Ring 0° _____________ Ring 5° _____________ 14.7 
2-0 I Large _ ---- N.A.C.A. hood __________ do______________ 15.8 
3-0 ___ do _______ . ____ do ___________________ do_ _ ____________ 15.8 
17.1 .166 
.3321 .502 .674 .858 1.060 1. 294 1. 610 2.305 20.8 22.0 . 152 .306 .462 .620 .780 .948 1. 126 1. 332 1. 570 1.900 2.545 17.1 . 166 .332 .501 .675 .860 1.063 1. 300 1.623 2.260 20.8 22.0 . 152 .305 .460 .617 .778 . 948 1.130 1. 330 1. 575 1.900 2. 465 
17.1 . 166 .333 .502 .677 .859 1. 063 1.298 1.610 2.165 20.8 22.0 .153 . 306 .461 .620 .782 .950 1.125 1. 330 1.560 1.870 2.380 
17.0 .166 .335
1 
.508 .684 .872 1.080 1.323 1.650 2.340 20.8 22.0 .154 .308 .464 .622 .784 .955 1.135 1.354 1. 577 1. 913 2.590 
16.8 .167 .334 .505 .670 .865 1. 070 1. 310 1. 632 2.243 ... -.-. ----- . -----. ------ ------ ------ ------ .----- ------ ------ ------ ------ ------
16.8 .167 .334 .505 .680 .866 1. 070 1. 305 1.626 2.310 21. 2 22.0 .153 .306 .460 .617 .777 .943 1.120 1. 320 1. 550 1.862 2.400 
17.8 .167 .331 .499 .672 .854 1. 055 1.290 1. 600 2.220 20.9 22. 7 . 153 .307 .461 .618 .777 .945 1. 125 1. 326 1. 566 1.800 2.510 
n: g --~:~t~~~~ --~~~ --~~~~ --~~~: -:~~~ -:~=~=I-:~~~ -=~:~~ ---=:~= __ ~=~~L~:~= --~~~I--~~~: --~~:t~~~~ --~~~I-:~:~ _:~~:~L:~~: -:·-~~1=~~~ 
17.0 .165 .332 .501 .675 .859 1.060 1.290 1.606 2.217 21.8 22.0 .151 .304 .457 .615 .775 .941 1.120 1.316 1.544 1.86412.450 
16. 8 ________________________________________________________________________ ___ _________________ ____________________________ ________ ____ _ 
16.8 . 167 .335 .507 .690 .864 1. 064 1. 300 1. 608 2. 220 21. 2 22.0 . 152 . 305 . 461 .616 .777 .941 1. 114 1. 313 1. 538 1. 850 2.140 16.8 ________________________________________________________ _____________ ___ _______ ____ __ ____________ ______________ ______ _______ ______ __ _ 
16.8 .167 .334 .504 .680 .862 1. 066 1. 298 1. 605 2. 145 21. 2 22. 0 .153 .308 .463 .620 .780 .946 1. 122 1. 315 1. 540 1. 845 2.320 
16.8 .167 .334 .505 .680 .864 1. 065 1. 295 1. 589 2.135 21. 2 22. 0 .153 .306 .460 .617 . 778 .944 1.120 1. 315 1. 534 1. 810 2.230 16.8 ________________________________________________________________________________________ ____________________________________________ _ 
16.8 __________________________________________________________________________________________________________________________________ _ 
16.8 ____________________________________________________________________________________________________________________________________ _ 
17.0 .167 .335 . 506 .681 .868 1. 073 1. 309 1. 614 2.166 21.1 22.0 .152 .306 .462 .620 .781 .950 1.130 1. 328 1. 555 1. 854 2.330 17. C ___________________________________________________________________________________ _________________________________________________ _ 
17.0 ____________________________________________________________________________________________________________________________________ _ 
17.0 ________ __________________________________________________________ _ ___ _____________________________________ _________ ________________ _ 
17.0 __________________________________________________________________________________________________________ _______________ . _______ ____ _ 
17.0 _____________________________________________________________________________________________________________________ _______________ _ 
17.0 ______________________________________________________________________ _____________________ ________ __________________ _______ ________ _ 
17.0 .167 .335 .505 .680 .864 1. 070 1. 298 1. 665 2.140 ________________ ___ __________ _______ ____________ ______ ______________________ __ _ 
17.0 . 166 .334 .505 .678 .862 1. 065 1. 300 1. 604 2.125 21. I 22.0 . 152 .304 .460 .619 .781 .950 1. 125
1
1. 318 1. 545 1. 935 2.380 
17.0 .166 .333 .502 .678 .86·1 1. 068 1. 302 1. 613 2.195 21. 1 22.0 .152 .3ll .462 .620 .781 . 952 1. 125 1. 325 1. 557 1. 865 2.390 
n: g __ ~:~: __ ~~ __ ~~~~ __ ~~:~ __ ~~~~ _:~~ _:~==~ _:~~~~I_:~ :~~ ---~:~:I--=:~~ --~ :~:I--~~~ --~~~=I--~~~ --~~~=I--~~~~ - : ~ :~ I-:~~:: -:~~I-:~~== -~~~~~ 17.0 _____ __________ . ____ ____ _____ _____ _____ ___________________________________________________________________________________ _ 
17. 0 .166 .33-1 . rot .679 .862 1. 064 1. 295 I. 600 2.170 21. I 22.0 .152 .304 . 459 . 619 .781 .957 1.126 1. 319 1. 542 1. 829 2.260 17.0 ______________________________________________________________________ _______________ _____ _ _______ _____ _____________ ________________ _ 
17.0 ________________________ 1.. ______________________ -- ______________________ _____________ ___ __ .1 ___________ -'- _______________________ ------
17.2 .166 .333 .503 .658 .862 1.065 1.298 1. 610 2.210 20.8 22.0 .154 . 308 .464 .621 .784 .950 1.125 1. 323 1. 562 1.890 2.510 
17.0 .165 .331 .500 .673 .854 1. 050 1. 270 1.565 2.050 21. 3 22.0 .152 .304 .458 .614 .774 .938 1. 110 1.300 1. 520 1.800 2.230 
17.0 .16i .33·1 .501 .676 .857 1.055 I. 278 I. 555 1.990 21. 0 22.0 .153 .307 .462 .618 .775 .940 1. ll5 1.308 1.522 1.800 2.195 
15.6 .171 .342 .516 .696 .885 1.086 1.328 1. 618 2.200 21.2 22.0 .152 .305 .461 .618 .777 .939 1.112 1. 298 1.509 1. 766 2. 120 
15.6 .171 .343 .516 .695 .883 1.068 1.326 1. 635 2.220 .. _---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -- .-- -
17.0 .167 .334 .502 .675 .853 1.048 1. 265 1.538 1. 955 21.0 22.0 .153 .306 .461 .618 .775 .939 1.112 1. 298 1. 512 1. 775 2.137 









































PROPELLER OPERATI NG COEFFI CIENT, Cs= 
5 /p V 6 -Continued 
-y P np2 
ANGLE OF ATTACK=Co 
Front propeller : R ight hand no. 4412-4-foot diameter. Rear propeller: Left hand no. 4412-4-foot diameter 
Nacelle 1 T ype of 
positlon nacelle 






















Large ______ N.A.C.A. hood _____ Ring 5° ____________ _ 
___ do ____________ do ____________ _______ do _____________ _ 
___ do ____________ do ______________ Exposed cylinders __ _ 
___ do ___ ___ _ Exposed cylinders ________ do _____________ _ 
Small ___________ do __________ _________ do _____________ _ 
__ _ do _______ N.A.C.A. hood _____ Ring 5° ____________ _ 
__ _ do ______ _ Ring 0° __ ________________ do ________ ___ __ _ 
Large __ ____ N.A.C.A. hood __________ do _______ ______ _ 
___ do ____ _______ odo ___________________ do _____ ________ _ 
___ do ____________ do ______________ Ring 0° ____________ _ 
___ do ____________ do _______ ______ _ Ring 5° _______ _____ _ 
__ _ do ____________ do ______________ Ring 0° ___ _________ _ 
___ do _______ _____ do ______________ Ring 5° ____________ _ 
___ do ____________ do__ ____ ________ Ring 10° ___________ _ 
___ do ____________ do_ ___________ __ Exposed cylinders __ _ 
___ do _______ Exposed cylinders ________ do _____________ _ 
___ do_______ Ring -5° ________________ do _____________ _ 
:::gg::::::: ~~~ =tg: :::::::::: :::::~g:::::::::::::: Small______ Exposed cylinders ________ do _____________ _ 
___ do ____________ do _____ _________ Ring 10° ______ _____ _ 
___ do ____________ do ______________ Ring 5° ____________ _ 
___ do ____________ do_ _ ___ _________ Ring 0° ____________ _ 
___ do ____________ do ______________ Ring _5° __________ _ 
__ _ do _____ _______ do ______________ Ring _10° ____ ____ _ _ 
___ do _______ Ring 4° _____________ Exposed cylinders __ _ 
~~~![~~~~~ .~~~·~ll~ll~lll·~j!~~lll~ll~~ll~ 
___ do _______ __ ___ do ______________ Ring 0° ____________ _ 
Large ______ N.A.C.A. hood _____ Ring 5° ____________ _ 
___ do ____________ do ________________ ___ do _____ ________ _ 
___ do ___________ _ do ___________________ do _____________ _ 
Small____ __ Exposed cylinders___ Exposed cylinders __ _ 
___ do_______ Ring 0° _ _ ___________ Ring 5° ____________ _ 
17.0 17. 0 0.164 0.330 0. 498 0.671 0.855 1. 058 1. 302 1. 650 2.580 22.0 22. 0 0.152 0.304 0.457 0.614 0.775 0.943 1.121 1. 320 1. 565 1. 920 _____ _ 
15. 9 17.1 .166 .334 . 503 .676 .862 1. 063 1. 300 1. 640 2.390 20. 8 22.0 . 152 .306 .462 .620 .780 . 950 1.130 1. 332 1. 575 1. 92L ____ _ 
~9 17.1 .~ . B .D.m .E1.~1.~1.ma~ m8 nO.m .D.~ .~.m .~1.w1.~I.a1.~a~ 
15. 9 17. 1 .166 . 334 .504 . 678 .862 1. 065 1. 308 1. 630 2.260 20.8 22.0 .152 .306 .462 .621 .782 .950 1.128 1. 330 1. 575 1. 920 3.660 
15.7 17.0 .167 .334 .506 .684 .872 1. 083 1. 318 1. 678 2.760 20.8 22.0 .153 . 307 .464 .622 .785 .958 1.143 1. 347 1. 606 1. 960 _____ _ 15.8 16.8 .166 .334 .503 .680 .867 1.073 1.318 1.650 2.420 ___________________ ____ ____ ___ ____ _____ ___ ___________________________________ _ _ 
15. 8 16. 8 .166 . 333 .503 .680 .865 1. 070 1. 31 1. 652 2.463 21. 2 22.0 .152 .306 .460 .617 .777 .944 1. 125 1. 330 1. 575 1. 905 2.580 
15.9 17.8 .165 .331 .499 . 670 .855 1.060 1.306 1. 645 2.590 20.9 22.7 .153 .306 .461 .617 .775 .946 1.124 1. 324 1. 576 1. 940 2. 920 
15. 9 17. 0 . 167 .334 .504 .678 .860 1. 063 1. 306 1. 620 2.340 21. 2 22.0 .152 .305 .459 .617 . 778 .943 1.122 1. 320 1. 555 1. 875 _____ _ 














































































































































































1. 061 1.286 1. 574 2.060 ____________ _____ ___ ____ __ __________ _______ _________________ ________ ____ _ ___ __ _ 
l.~1.ml.~a_ n2 nO.m.D.~ .m.m .~1.mI.~I.~1.ma~ 1. 064 1. 292 1. 580 2. OSO ___ __ ___ ____ _ _________________________________________ _ _______________________ _ 
1. 06 1. 292 1. 583 2. OSO 21. 2 22.0 .153 . 305 .459 .614 .775 .944 1. 118 1. 308 1. 524 1. 800 2.182 
1. 065 1. 291 1. 575 2.060 21. 2 22.0 .152 .304 .460 .617 .778 .943 1.116 1.3OS 1. 518 1. 782 2.160 1.063 1. 293 1. 580 2.038 ______________________________________________________________________________ _ 
1. 062 1. 285 1.578 2.060 __ _____________________________ ___ _________________ ___ ___ _____ ___ _____________ _ 
1. 060 1. 287 1. 573 2.020 ____ _______ _____ _____________ _______________ ______________ _______________ ------
I.~I.~1.506a~ nl nO.~.D._.~.m .wl.~l.ml.~1.ga260 1. 060 1. 287 1. 570 2.035 ______________________________________________________________________________ _ 
1. 059 1. 282 1. 578 2.063 ____________________________________ _ ____________________________________ -____ _ 
1. 063 1. 289 1. 583 2.080 _________________________________________________________________________ -____ _ 
1. 063 1. 292 1. 580 2.020 ______________ ___________________________________________________________ ----- -
1. 063 1. 290 1. 575 2.020 ______ ___ ________________ ______________________ _____________ ________ __ ___ ------
1. 063 1. 286 1. 566 1. 995 _____________________________________________________________ ------ __ ____ ------
1. 065 1. 297 1. 586 2. 065 _________________________________________________________________________ ---__ _ 
1. 061 1. 288 1. 578 2. 035 21. 1 22. 0 . 152 . 304 .459 . 618 . 780 . 946 1. 124 1. 313 1. 540 1. 835 2.280 
1. 064 1. 295 1. 595 2. 115 21. 1 22. 0 . 152 . 306 .461 . 620 . 781 .950 1. 128 1. 322 1. 545 1. 835 2. 290 
U~~ U:I t: ill ~: g;g ---~:~: --~~~~ --~:~~ --~~~I--~~~~ --~~:~I--~:~~ --~~~: -:~:~ -:~~:~ - :~~~: -:~~:~I-~:~~ 1. 061 1. 290 1. 587 2.068 _____________________________________________________________ ---- ___ _____ ----- -
1. 061 1. 290 1. 578 2. 035 21. 1 22. 0 . 152 . 305 . 460 . 619 . 780 . 944 1. 120 1. 315 1. 530 1. 80s 2.260 1. 062 1. 290 1. 580 2.060 ______ ______________ _______________________ ________ ___ ________ ___________ ------
1. 060 1. 290 1. 58 2. OSO _________________________________________________________________________ ------
15.71 17.21 . 1671 .334/ .504/ .677/ .861/1. 060/1. 290/1. 590/2. 150/ 20.8/ 22.0/ .154/ .3OS/ .463/ .620/ .780/ .949/1. 1261 1. 31211. 562/ 1. 86312. 340 
16.1 17.0 .166 .333 .501 .674 .853 1. 048 1. 272 1. 552 2.030 21. 3 22.0 .152 .304 .459 .615 .775 .940 1. 116 1. 310 1. 527 1. 814 2.240 
15.81 17.01 .166 14.7 15.6 .171 




.al.m/ .~/1.-I1.m/ 1.~/a~/ no/no/·~/ ·~/ · -I·~/·m/.mII.ml1.DII.~/1.mla~ : m : ~~~ :~~ t: ~~ t: ~~~ t: ~~~ ~: ~ ___ ~:~~ __ ~~~~ __ ::~~ __ :~~ __ :~~~ __ ~~:: __ :::: __ ~~~~ _:~:~ _::==~ _:~~ _:::~~ -~:::~ 
2-C I Large ______ 1 N.A.C.A. hOOd _____ /-----dO--------------/ 15.8/17. 0/ .1661 . 3331 • 5021 .675/ .855/1. 048/ 1. 263/1. 528/1. 922/ 21. 0/ 22.0/ .153/ .307/ . 4621 . 6181 .777/ . 94011.110/ 1. 30011. 512/ 1. 78412.180 































PROPELLER OPERATING COEFFICIENT, C8=V~:2 Continued 
ANGLE OF ATTACK=5° 
Front propeller: Rlght-hl1Ild no. 4412-4-foot diameter. Rear propeller: Left-hand no. 4412-4-foot dlameter 
Nacelle I Type of 






Front 1 Rear 1 0.1 
V 
nD 




0.8 1 0.9 1 Front 1 Rear 1 0.1 
V 
nD 
0.2 1 0.3 1 0.4 1 0.5 1 0.6 1 0.7 1 0.8 1 0.9 1.0 I 1.1 
---I 1---1--,--,--,--,--,--,--,--,--,--,---,--,--,--,--,--,--,--,--,--,--.--.--
I-A I Large _____ N.A.C.A. hood _____ Ring 5° ------------- 17.0 
2-A ___ do ____________ do _________________ ___ do___________ ____ 15.9 
17.0 0.164 0.330 0.497 0.670 0.858 1.063 1. 317 1.685 3.120 22.0 22.0 0.151 0.303 0.457 0.615 0.775 0.945 1.126 1. 330 1. 594 2.040 ------
17.1 .165 .332 . 502 .676 .860 1.068 1. 317 1. 665 2.720 20.8 22.0 .156 .3OB .462 .620 .781 .951 1. 134 1. 340 1.600 2.000 .-----
3.740 ___ do ____________ do_______________ Exposed cyllnders__ 15.9 17.1 .166 .333 .502 .675 .861 1. 069 1. 314 1. 673 2.900 2O.S 22.0 .153 .306 . 461 .618 .781 .950 1.130 1. 340 1. 595 1. 995 
___ do _____ __ Exposed cyllnders ______ do_______________ 15.9 17.1 .166 .334 .504 .679 . 862 1. 068 1. 309 1. 651 3.115 2O.S 22.0 .153 .306 . 462 .620 .782 .954 1.136 1. 340 1. 595 1. 970 3.055 
.306 1. 608 2.005 SmalL __________ do ____________________ do_______________ 15.7 17.0 .170 .336 .506 .685 .876 1. 090 1. 343 1. 718 2.920 2O.S 22.0 . 153 .464 . 623 .788 .960 1.145 1. 352 ------
___ do _______ N.A.C.A. hood _____ Ring 5° _____________ 15.8 16.8 .167 . 335 .504 .678 .867 1. 076 1.320 1. 663 2.450 .------ ---.-- --_.-- ------ --.--- --- --- ------ ------ ------ -.---- ------ ------ ---.--
1. 930 2.720 ___ do_______ Ring 0° __________________ do_______ _____ ___ 15.8 16.8 .167 . 334 .504 .679 .868 1.073 1.325 1.680 2.630 21. 2 22.0 .152 .306 .459 .617 .777 .945 1.128 1. 330 1. 575 
3-A 1 Large ______ N .A.O.A. hood __________ do_______________ 15.9 17.8 .165 .332 . 500 .676 .859 1. 070 1. 315 1.680 ------ 20.9 22.7 .152 .305 .458 .615 . 776 .944 1. 130 1. 335 1. 600 1. 957 2. 590 
4-A 1 ===~g= = = = ==:1:= = = =~g====== = = == = = = == -Riil~~;'-:::: =:::::::: 
~: I ~~~::~~~~~~~ ~~~~~::~~~~~~~~~~~~~ ~~ ::::: ~~~~~~~~~~~~ ~ 
___ do ____________ do _________ ______ Ring 5° ____________ _ 
___ do ____________ do __ ____________ Ring 10° ___________ _ 
___ do ____________ do_______________ Exposed cylinders __ _ 
___ do _______ Exposed oyllnders ________ do ___________ ___ _ 
=Jt===== !~i =rg:========== =====~~=====::====::=: Small ______ Exposed cyllnders ________ do ______________ _ 
:==~g==:=:=: ::===~g:::=========::: ~[~~ ~~:===::::::=:: 
___ do ____ ________ do _______________ RIng 0° ____________ _ 
___ do ____________ do _______________ Ring -5° __________ _ 
___ do ____________ do ___ ____________ RIng -10° _________ _ 
___ do _______ Ring 4° _____________ Exposed oylinders __ _ 
=:=~g=== ==== ~l~f ~50 ::::===:=== :====~g:=:::::======== ::=~g======= ~l~ :~~o:::======: ==:::~g:=::::::====:=: =:=~~===:=== ~l~i ~5°::::=====:: _~~~~g~:_:========:=: 
=Jt:::== :~,r-:=::::::::::= -~f~i12:-:::========= 
3-B I Large ______ N.A.C.A. hood _____ RIng 5° ____________ _ 
:~ ~~~::~~~~~~~ ~~~~~::~~~~~~~~~~~~~~~ ~~~~~::~~~~~~~~~~~~~~~ 
SmalL____ Exposed oyllnders___ Exposed oylinders __ _ 
___ do_______ Ring 0° ___ __________ RIng 5° ____________ _ 
2-0 1 Large ______ N.A.C.A. hood __________ do ______________ _ 
~~: ~ n: ~ __ ~~~~ __ ~~~~ __ ~~~~ --~~~t·-~~~ _~~~I_~~~~ _~~~~L:~~~~ ___ :~J __ ::~~ __ ~~~~L~~~ __ ~~~~L_'_~~~ __ ~~:~L~~~~ _~~~::t~~:: _~~~~ _~~~~ _:~:~ 
~5 nO.~ .•. m.m .Wl. 00I._1.m1.~ ns 22.0.m.D.W . ~ .m ._I.~I._l.wl.~~rn 
15.8 16.8 _____________________________ ___ _____ .. ______ _______________________________________________________________________________________ _ 
16.8 16.8 .167 .334 .504 .678 .860 1. 060 1. 280 1. 560 2.000 21. 2 22.0 .153 .305 .459 .615 . 774 .937 1. 110 1. 295 1. 508 1.770 2.142 16.8 16.8 _____ _ ____________________________ .. ____ .. ____________________________ ________ _ _____________________________________________________ _ 
16.8 16.8 .167 .334 . 505 .678 _ 858 1. 057 1. 270 1. 562 1. 985 21. 2 22. 0 . 168 . 306 .461 .617 .777 .941 1. 112 1. 300 1. 515 1. 785 2.160 
15.8 16.8 .167 .334 .504 .677 .860 1.060 1. 280 1. 550 1. 955 21. 2 22.0 .152 .306 .460 .616 .776 .941 1. 111 1. 300 1. 510 1. 773 2.110 15.8 16.8 ________________________ ______ _____________________ __ _________ ____________ _______________ __ ___ _________ ____________ .. _______________ _ 
15.8 16.8 ____________________ ____ ______________________ ____ ____ ___ ___________ _________________________________________ _______________ __ __ ____ _ 
15.8 16.8 _____ _______ _____________________ .. ______________________ " __________________________________________________ .. ________ .. ___________ _ 
~8 no .m .~ .~ .680 .~I._I._l.m~~ nl 22. 0.~ .D.~ .m .W . ~I.Wl.m1._I._~~ 15.8 17.0 ___________________________________________________ _____________________ ___________________ _________ _______________ ______ _____ ______ _ 
15.8 17.0 ______________________________________ .. _____ ___ ________________ ____________________________________________________________________ _ 
15.8 17.0 _______ __ ______________________________________________ ________ ____ __________________ _____ ____ ___ _________________ ___________ _______ _ 
15.8 17.0 ____________ __________________ __________________ _______ ____ _________ ________________ ___________ _______ ____ ____ ____ __ ___________ ____ _ _ 
16.8 17.0 ___ ________ ____________________________________________ _____ _________ _________________________________ ________________ ________ ______ _ 
15.8 17.0 __________________ __ ________________ ________________________________________________________________________________________________ _ 
15.8 17.0 .166 .334 .502 .678 .860 1. 060 1. 280 1. 555 1. 978 ______________________________________ ____ ____________________________________ _ 
~8 nO.w.~.o.m .~I.~I.~I._I._ nl 22.0.W.D .~ .m.~ .OOI.Wl.m1._1.D~rn 
~8 no.~ .•. o.m .EI._I._1.~1.m nl 22.0.m.D.~.m.~ .oo I.W1.m1._1._~~ 
~8 nO.m .•.•. m .~1.~I._I.~1._ nl 22.o.m.D .•. m.m .~1.mI.DI.~I.*1.m 15.8 17.0 _________________________________________________________________________ ___________ ___________________ , ____________________________ _ 
15.8 17.0 ________________________________________________________________ ________________________________ ______________________ _____ _________ _ 
15.8 17.0 .166 •• .503 .676 .859 1.057 1. 276 1. 548 1. 945 ______________________________________________________________________________ _ 
15.8 17.0 ______ __ ____________________________________________________________________________________________________________________________ _ 
16.8 17.0 _______________________________________________________________________________________________________________________________ ---- --












. 167 .334 
. 171 .342 
.171 .336 
.166 .333 
.600 .671 .850 
. 503 .677 .858 
.515 .695 .882 
.616 .694 .880 
. 501 .073 .851 
1.050 1. 268 1. 565 1. 975 21.3 22.0 .152 
1. 054 1.280 1. 552 1. 990 21.0 22.0 .154 
1.088 1.325 1.666 2.140 21.2 22.0 .152 
1. OBO 1. 312 1.604 2. lOB 
------- ------ .-----
1. 048 1.263 1. 534 1.950 21.0 22.0 .152 
.305 .459 .615 .774 .938 1.106 1. 293 1. 510 1. 787 ~205 
.306 . 460 .617 .774 .940 1.112 1. 300 1. 514 1.783 2.182 
.306 .461 .618 .775 .937 1.105 1.290 1. 498 1. 745 2. 090 
------ ------ ------ ------ ---- -- ------ ------ ------ ------ ------
.305 .460 .616 .775 .937 1.110 1. 298 1. 510 1.784 2.200 




































LIFT COEFFICIENT WI TH PROPELLER OPERATING, CLP=~S 
ANGLE OF ATTAOK= -5° 
Front p ropeller: Rigbt·hand no. 4412-4-foot diameter . Rear propeller Left·band no. 4412-4-foot diameter 
P ropeller V Propeller I pitch at nJ5 pitch at 0.75 R. 0.75 R . V rJ5 













Large •..... N.A.O.A. bood __ ... Ring 5°. __ •......... 
.. _do .......... __ do. __ ....... _ .. ___ ... do ______ .. __ ...• 
.•. do_ .. _._ . .. _ .. do ____ . _____ .... Exposed cylinders •. _ 
.. .do_ .•.. __ Exposed cylinders ••...• _.do. __ ...... ____ _ 
SmalL. •. __ .. ___ do _____ .....•.. _ ... _.do ___ ..... _. __ •. 
: ::g~ ::::::: ~~g~o~·_~~~?_-.:::: .~~~g~:~::::::::::: 
Large . . ...• N.A.O.A. hood __ . ____ .. _do. __ ....• _._._. 
._.do __ . ___ . . .. __ do ___ . __ ...•.. _ ..... _do. __ .......... _ 
.. _do .. ... ...... _do. __ ........... Ring 0°. _____ ...... . 
.•. do ... __ ...•... do. ___ ...... _ ... Ring 5° .. 
.. _do ___ .... _____ do. __ . ___ ..... __ Ring 0° _____ .• _._._. 
___ do __ ... __ ..... do _____ ._._._ ... Ring 5° ___ ._._ ... __ _ 
:::g~::::::: ::::: g~:: :::::::::::: ~~~;~~ ·cil;nciers~:: 
•.. do ....... Exposed cylinders_._ ... . _do ____ .... .. ... . 
:::g~::::::: ~~~ =~~o:~~::::::: :::: :g~:::: : ::::: :::: 
_._do __ ._._. Ring -15° __ ._ .. _._ ..... _do. ___ .. _ ... ___ . 
SmalL. ___ Exposed cylinders __ .. __ ._do _____ ._. ___ ._. 
.. _do ... ____ ..... do. ____ . ______ ._ Ring 10° ___ ...... _ .. 
::: g~::::::: :::: :g~:: :::::: :::::: ~l~~~:::: :::::::::: 
::: g~::: :::: :::::g~:::::::::::::: ~l~~ =~~o:~:: :::::: 
_ .. do ... _ ... Ring 4°. ___ ......... Exposed cylinders_ . _ 
.. _do ... ____ Ring 0°. __ .. __ ._ .... ____ .do. ____ .. __ .... _ 
:J~::::::: !!gi =~~~:~~::::: :: :::J~:::::::::::::: 
:::g~::::::: ~~~ ::50~_-::::::::: .~i.~~g~:~::::::::::: 
: J~::::::: :~~gr:::::::::::: lf~n~~~~:::::::::: 
L arge. __ . __ N.A.O.A. bood ___ .. Ring 5° _____ .. __ .. _. 
.. _do .. _ ... _I._ .. _do _ .. __ . d o. __ ........ _ .. 
·s~~iC:: : · Exp~~eci CY·l;n(iers~::I·EXP~~eci cyl;n(jers~~: 
•.• do_ .•. _ .. Ring 0° .•.....•..•. _1 Ring 5° .-.- ••• - •• -.-






















~~~~~. ~.~ ... 
--- .. -
... _ .. 













. _._-. . 190 .165 
...... .204 .190 
0.149 0.132 0.142 0.133 22.0 22.0 
.170 .159 .151 .147 20.8 22.0 
.153 . 148 . 145 .145 20.8 22.0 
.151 .150 .150 .152 20.8 22.0 
.157 .148 .142 .14.0 20.8 22.0 
. 170 .162 .155 .150 .-~-.. - ..... -
.148 . 139 .139 .144 21.2 22.0 
.167 .IM . 1431 .135 20.9 22.7 
_.---- -----. ------ ------
0.194 0.189 0. 161 0. 137 0.126 0.125 0. 125 
---.-- ------ ------ ------
.204 .180 .166 . !53 .147 
· 140 .139 
------ ------ ---- -- -----. 
.206 .179 .160 .151 .146 . 145 . 145 
------ ------ --- --- ------
.200 .176 .160 . 148 .140 · 136 . 134 
------ ------ ------
-~~~~~ .193 .175 .160 .149 .140 . 134. .130 
.~ .. -- .~ .... ...... ..... . .. __ .- - . .. _- - .. _-- - ... _. - .. _ .. --- ... ._ .... 
...... .. - ... -.-- .. . ..... .181 .175 .158 .143 .137 · 135 . 139 
-_ .. _. --_._ . ...... 
---.-. .179 .163 .155 .149 .149 . 149 . 149 
~~: ~I i~: g ::::::1:::::: :::::: .. ~~~~ __ ~~~~ .. ~ ~~~ -.~~~~I-_~~~~ .. ~~~~I .. -~~~~ ._~~~~I::: ::: ::::::1:::::: :::::1~~~~ .. ~ ~~I .. ~ ~~~ .. ~~~(~~~~ .. ~~~~ .. ~ ~~~ 
16.5 17.0 ...... _.. ... ...... .055 . 055 .093 .114 .122 .123 21. 8 22.0 .. _ ... _._. ___ ._. ___ ._... . 074 .074 .090 .110 .122 . 132 .140 
15.8 16.8 .........• _ .. __ .. _ .... _ .. _ .. _. ---._. _ ... . _ ...... __ ... _ ...• ____ . .. _ ... _ ......... _. ___ .... __ ..... _ ... _ ... ___ ._ ... _ .. __ ..•.• _ ......... _. 
15.8 16.8 _._ ..•. __ .. _____ .. . OS5 .103 .119 .130 .140 .150 21. 2 22.0 __ .. _ ... _ ..•...• _ ... _ .• _ . 050 .098 .120 .125 .128 .134 . 147 
15.8 16.8. _____ ..• __ ... _ .. __ ..•.•.. _. __ ... _ .•.... _ ....... ____ ...... _._ ._ .. _. __ ..... __ ..... _ .. _ .... _. _ ....... _._ .. _._ .......•. _._._ ._ .... ____ .. 
15.8 16.8...... ...... .....• .040 .085 .114 .130 .143 .152 21. 2 22. 0 _ ... _ ..... _ ....... _._._ . .095 .101 .104 .110 .125 .141 . 151 
15.8 16.8 ................... 050 . 085 .110 .130 .141 .149 21.2 22.0. __ ... _ •.... _. __ .. .... __ .066 .094 .113 . 130 . 140 .146 . 150 
15. 8 16.8 _. _____ ... ________ ... _ .. • _ ...... _._ •. _____ .... _. _. __ ..... _ .. __ ... _ ..... _ . .. _ .... _. __ . _____ . ___ . ____ ._ ..•..... _ .• __ ... _._ .• ___ .....•.. 
15.8 16.8 _._ .. _ .• _._ . . __ ._ ....... .. _ ....• _____ ._ ... __ ._ .... ___ ... __ . ____ .. _ .. ____ ......... _ ..... ___ . _._ .. _ .. _._. ____ ... __ .. _ .. _ ... _._._ ...•..• 
15.8 16.8 _._._ .. __ ._. _____ . _._ .... _ ..... _. ____ .. __ .. _. __ ..... _ .• ___ . __ _ ......• _._ ....... __ •..... _._ ...... _ •.... . ___ ._. _._._ .. __ ._ .. _._._ .. __ .• 
15.817.0 .. _._ .. __ .• _ ... _ .•. 065 .095 .118 .134.144.150 21.122.0 .•.. _ ... __ ._ .. ___ ... __ .. . 095.115.130.140.150.155.160 
15.8 17.0_._. __ .. _. __ ._ .•.• _. _______ ._ ..... _ •...... _ ... __ ._ .. __ ._. _____ . ___ . _____ . _._ ... _ ... _ •.......... _ ... _ ... __ .. _. _._._ ... __ .... _ .. _ ... _ .. 
15.8 17.0 _ ..... _ ........... _ •. _._ .. __ .. _._ .............. _ .... _ ..... _. _____ .. __ .. __ .. _._ ... _._ ........... __ .......... _. _ .. _ .... _._ ..... _ ..• _ .. . 
15.8 17.0. __ .• _ ... _ ... ___ ._ ....... _ .. _. _._ ......... _ ... _ ............ __ .... _ .• __ ... __ . __ ..• ___ . __ .. __ .. _. ___ ._ ....•. _._ . __ ... _ ....•. __ .. _ .. __ .. 
15.8 17.0_._ .......... _ .•.... ___ .. _ ....•.. _ .... _ .. __ ._ ... _ ....... _ .. __ ....... __ ....... _ ....... ___ ._. _._ .... ___ ._ . ... _ ... _ ..... _ ... _._ ... .. __ .. 
15. 8 17.0 _ .... __ ..... ___ ....... _ .. _._ ..... __ . _ ... _ •. _. ___ . _____ ._ ... ___ . ___ . _. __ _ ......... _ ....... _. _._ ... _ ... _ ....... _ .... _ . __ ._. __ ._ .. ____ ._ 
15.8 17.0 .. __ ..••.. _ ..•. ____ . ___ . _____ .•........•. __ ... _. __ .. . ___ ._. __ ._ ...... _. _ ............•.... _. _._ ..... ___ ... _ ... ___ ._ ... _ ... __ .. _. _. ___ . 
15.8 17.0 .......• _ ... ....• _ .073 .102 .120 .131 .138 .141. __ . . __ .... _. ___ .......... . ___ . _. ___ • ___ . . ______ . _. __ ... __ . _ ... _ ....•. _ ....... _ 
15.8 17.0._ ...• __ .•.. _ .. _._ .058 .093 .118 . 132 .143 .148 21. 1 22.0 _____ ... _ ....... _. _ .• _._ .091 .110 .123 .132 .142 .150 .156 
15.8 17. 0 _ ...... _.... ...... .065 .098 .120 .139 .150 .160 21. 1 22. 0 _____ ..... _. _._._. __ .. _. .070 .098 .120 .133 .143 .150 .156 
ig:~ g:g:::::: :::::: :::::: ... ~~~ -.~~~ -.~~~~ -.~~~~ .. ~~~~ .. ~~~~ --.~~~~ ··~~~~:::::: I:::::: ::::::1:::::: ··~~~~I··~~~ -·~~~I·-~~~~ ·-~~~~I·-~ ~~~ .-~ ~~~ 15.8 17.0._ .. __ .. __ .....•.. _ •...•. ___ ... -.. -- .. _ ..... _._ ..... _ .... _ .... __ ....... _ ..•.• _ .• __ ._ ... _._. _ . . _ .... __ .. _ .. _ .. _ .. __ . __ ..... - ......... . 
15.8 17. 0 . . . _._ ...... ...... .192 .112 .127 .137 .145 .150 21. 1 22. 0 ... __ •..... _ ...... .. .... .092 . lOS . 120 .133 .144 . 153 .157 









::::::1::::::1:::::: .100 .100 .105 17.0 .044 .075 .096 
17.0 . ... . - . .... - .... _. .173 .143 .132 
15.6 .... _. _ ..... . _ .... .159 . 157 . 152 
15.6 
------ ----- - ------
. 173 .153 .141 
17.0 .• ____ •..• •. . --.-. .1831 .169 .158 
17.0 ... _ .• _. ___ . __ ._._ .151 .141 
.135 
I 
_,----'-- _ ~ _1.-._ 
.112 .125 .140 20.8 
.110 .120 .125 21. 3 
.128 .131 .135 21. 0 
.143 . 139 .135 21. 2 
.133 .133 .136 
-------
.153 .150 .148 21.0 
.133 .135 .140 21.0 
22·l- --·· _ ... _- _.-.-- _._. __ 1' 064 .081 .108 .120 .127 .132 .131 
22.0 . . _ .. _ . __ ._. .079 
.085 .100 .110 .118 .125 .130 
22.0 ._ .... ..... _ .177 .154 .141 .136 .134 .138 . 143 
22.0 _ .. . _ . -.- .. - ._-... ---_.- .155 .153 .151 .148 .146 .143 .14.1 
._._-- -_._-- ._- --- - . - --- ------ ------ ····~~I·-·-~~ -._ --- ----_ . ----_. - -----22.0 .150 .158 . 158 .158 .156 
















































LIFT COEFFICIENT WITH PROPELLER OPERATING, CLP=~S-Continued 
ANGLE OF ATTACK=O° 
Front propeller : Right-hand no. 4412-4-loot diameter. Rear propeller: Left-band no. 4412-4-foot diameter 













Front R eAr 
_I 1 Front \ Rear \~\~\-~:-1~1~1~1~1~1~1 Front I Rearl~I~I~I~I~I~I~I~I~I~I_I._1 
L arge ___ _ ._ N .A.C.A. hood _____ Ring 5° 
_<10 _______ <10 __________________ do ___________ __ . 
__ do ____________ do ___ . _ _____ Exposed cylinder~ __ _ 
_do _______ Exposed cylinders ________ do _____________ _ 
Small . _______ do __________________ do __ 
_do _ _ N .A.C .A. hood _____ Ring 5° _____ _ 
__ do . _ Ring 0° ____________ .. ____ do __ _ 
L argr_ N.A.C.A. hood ____ ____ do __ 
___ do _____ _ __do ______________ ____ do __ 
_ do ____ . __ . ___ do ______________ Ring 0° ____________ _ 
_ do ____ ___ . ____ do ______________ Ring 5° ____________ _ 
__ _ d o ____________ do ______________ Ring 0° _________ ___ _ 
__ _ do___ _ ____ do ___ . _________ Ring 5° ___________ _ 
___ do ___________ _ do ____________ Ring 10° __________ _ 
___ do __________ __ do ______________ Exposed cylinders __ _ 
___ d o _______ Exposed cylinders _______ _ do _____________ _ 
___ do _____ Ring _5° __ _____________ _ <10 _____________ _ 
::: ~~ :::::: ~Fn~ =~~: : : :::::::: ~::: :~~ :::::::::::::: Small _____ Exposed cylinders ________ do _____________ _ 
___ do ________ __ do ______________ Hing 10° __________ _ 
___ do_ . ________ <10 ______________ Hing 5° ___________ _ 
___ do _____ . ______ do ___________ Hing 0° ____________ _ 
___ lIo _____ ____ _ do _ _ ________ Ring _ 5° _________ _ 
___ do ___________ _ do _____________ Hing - 10°_. _______ . 
__ do ______ Ring 4° ___ ________ Exposed cylinders __ _ 
::: ~:~ ::::::: N:~~ ~5';:::::::: : :: ::::: ~~ :::::::::_:::: 
:JL:- !!~! ~~~o -::::::::: : ~i:~~~~::::::::::::: 
_do Ring _ 6° ________ . ___ do ___________ _ 
___ <10. HlngOO_ .__ __ _ . __ do __ 
___ do___ _ ___ do _ ________ ltIng 10° ______ _ 
__ do __ __. rlo _ _ Hing OO ___________ _ 
Lurg~ _ 
do 
" .A.C. A. hood __ I Ring.5° _ 
__ do I. ____ do _ 
S~~Il:: ____ I- EX~~e<l Cyl;iidej.s::-I- EXp~~(jci,linders---
__ do_ _ _ Ring 0°_. _____ . Ring 6°__ _ .. ___ _ 
L arge __ ___ N.A.C .A. bood ____ . ___ do _ _. ________ _ 
d o __ .do __ . ____ .. ___ 1 _ do _ 



































































































































































































._ .... -- .312 
-----. ------
. 320 










------ -- .. ---
.391 
.412 .399 .388 .382 .379 20.8 22.0 __ ________ ______________ .438 .414 .399 .391 .388 .384 . 382 
.418 . 395 .381 .375 .370 20.8 22.0 _____________ ___ __ ______ .415 .403 .396 . 391 . 388 .364 .380 
.402 . 384 .380 .379 
.409 .390 .380 .375 
.376 20.8 22.0 _______ _________________ .435 .410 .395 .384 .317 .373 .370 
. 370 20.8 22.0 _________ __ __ ___________ .423 .406 .393 .381 . 376 .372 _____ _ 
.433 .408 . 390 .380 
.405 .388 .379 . 375 
.375 _____ ___ _________________ __ __________ -- ---- -______ ___ __ ________________ __ _____ _ 
.364 21.2 22.0 __________________ . _____ .436 .412 .397 .386 .382 .380 .377 
. 409 .386 . 380 .380 .381 20.9 22.7 _______ ______ _____ ___ ___ .435 .400 .383 .375 .370 .369 .369 
.410 .385 .370 .363 .360 21.2 22.0 _______ _________ __ ______ .415 .400 .390 .384 .390 .377 .373 
.408 .390 .375 .369 .369 ______ _ __________ ___ _____ ____ ________ ------ -_____________ ________ __ ___ __ _ _____ _ 
.319 .329 .345 .357 .361 21. 8 22. 0 ____ __ ______ ______ ____ __ .302 .329 . 342 .342 .343 .353 .369 
.329 . 3<12 . 355 .364 
. 323 . 341 . 353 . 361 
.320 .340 .352 . 362 
.328 .343 .355 .360 
. 329 . 346 .360 .372 
: lij : : : :: ~: ::!:~~ ~~~~~~ ~~~ ~ ~~ ~~~~~~ ~~~~~~ :: ~:~: ::~:~~ ::~:!! :: ~!!~I: :~:~ : :~!~I: :~:~~ 
.383 21. 2 22. 0 ____ __ ____ __ ____ __ __ ____ .330 . 342 . 352 .360 .366 .372 .376 
.323 . 343 .358 .366 . 371 _______________ ___ _______ _____ ____ __ - -- -- - ___ _____ ___ _ _______ ______ _____ _____ _ 
.333 .345 .356 .365 .370 _____________________ _____ ___ ___ _____ -- - - -- - ___________ ---- -- ____ ___ ____ _ - - ___ _ 
.326 .345 .359 .369 
.340 .316 .373 . 380 
.375 __________ ___ __ _____ ___ ____ __ __ - ____ _ - - - - - - -- ____ --- --- --- - - - -- ____ ______ --- ---
.380 21. I 22.0 ___ ___ ____ __ ______ ______ .325 .340 .354 . 362 .370 . 378 . 382 
.335 .351 .364 .377 .386 _____________ ________ ___ ____ __ ---- __ - - - - -- ------ - - -- -- --- - - - ---- __ ---- - - ------
.330 .348 .362 .370 .376 ______________ ___ ____________ __ __ ____ - - -- -- - __ ___ ____ __ - - --- __ ____ __ _____ _____ _ 
. 328 .337 .350 .366 .388 _____ _____ _______ __ _____ _ - - ---- - - --- - --- - -- --- - - - - - --- - -- ---- - - ---- - ----- - -----
.345 .349 .357 .367 .378 _________________ __ ___ __ __ ______ _____ ---- -- - ____ _ - - -- __ - --- -- ______ __ _____ ____ _ 
. 340 .348 .350 .360 . 381 __ __________ _ ___ ___ __ ___ _ ______ _____ _ -- - --- - - ___ _ - - - - -_ - ----- ________ ____ - - ___ _ 
.338 .349 .360 .372 .384 ______________ ______ ___ __ ______ ______ -- ---- -- -- -- ----- - - ----- - - _____ _____ ------
. 336 .355 .369 .381 
.338 .358 .370 .317 
.345 359 .370 .379 
.. 337 .363 .364 .369 
.388 _____________ ____ ____ ______ ___ _ - _____ ------ - - --- - - --- - - - - - - - - - - - __ _ - --- -- ------
.379 21.1 22.0 ___ ___ ____ __ __ ____ ____ __ .330 .343 .356 .366 .373 .380 .383 
.389 21.122.0 __ ____ _____ _______ __ __ __ .326.346.362.371.378.380.380 
.367 21. I 22. 0 ___ ___ ___ ___ ______ ______ . 320 .345 .355 .356 .364 .378 .386 
.328 .344 .355 .365 .371 _________ __ ________ __ ____ ------ ------ --- -- - ------ --- -- - -- ---- ------ -- ---- ------
. 326 .343 .358 .369 
.335 .358 . 372 .380 
.3,9 ____ _ _____ _____ __ ___ __ ________ ___ _ - ----- - - ____ - ---- - -- ---- - - ___ _ ______ - -- __ _ 
. 382 21. I 22. 0 ___ ___ ____ __ ____ __ ______ .333 .347 .360 .370 .375 .382 .388 
. 328 . 343 .356 .367 . 374 _____________________ ___ - -_________ _ ---- -- - - ---_ --- --- ____ ____ ____ ------ - --- - -
.337 .355 .370 .378 .387 _____________________ ___ _ -- __________ - ----- -- ---- - - -- - - --- --- ______ ------ ---- - -
. 328 . 343 . 355 . 364 .372 29. 8 22.0 ______ ______ ___ ___ ______ .305 . 333 .345 .348 .358 . 372 . 375 
. 322 . 340 .355 . 363 .370 21.322.0- _______ __ __ _______ _____ .3U . 332 .333 .355.369.370.359 
. 391 .378 . 370 .366 
. 398 . 391 .381 . 372 
. 366 21. 0 22.0 ______ ______ ______ _____ _ .409 .393 .380 .370 .363 .361 .358 
.363 21. 2 22.0 __ ___ _ ___ ___ ____ __ ______ .403 .397 .390 .383 .37fl .369 .361 
. 383 .370 .361 . 355 . 351 __ ___________ _______ _____ - - - - -- - - - - -_ ---- - - -______ _____ -___ __ ---- -- - ----- ------
. 407 .393 .388 .384 .383 21. 0 22.0 _______ _______________ __ .424 .410 .395 .386 .380 .378 .378 










































LIFT COEFFICIENT WITH PROPELLER OPERATING, CLp = ~s-Continued 
ANGLE OF ATTAOK=5° 
Front propeller: Rigbt ban d no. 4412-4·foot diameter. Rear propeller : Left hand no . 4412-4·foot diam eter. 












F ront Rear Front I Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 Il<'ront I Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 I 1.0 I 1.1 










Large .•.... N.A.O.A. hood ....•. Ring 5° ..•.. . .••.... 
_ .• do .. . . . ••.•••• do . ••. _ •.... . ...• _ .... do .• . ..••........ 
_ .• do ......• _ ..•• do .... _ •.. .. _ . . .. Exposed cylinders .. . 
_ .. do ...... . Exposed cylinders ..... ... do . . ............ . 
Small ••• _ ••••••• do •••••••••• _ ••••••••• do ..•• _ •• •••••••• 
_ .. do_ .•.•.. N.A.O.A. bood _ .... R ing 5° ... . . ....... . 
_ .. do....... Ring 0° . ...•.•. _ ...•..... do ..•. _ ...... ... . 
L arge .•.. . . N .A.O.A. bood . . _ ....... do ...••.......... 
... do_ ........... do ..•...•... _ ... . .. ... do •.....•.......• 
..• do ..... ....•.. do •••....... _ .... Ring 0° ..........••. 
._.do_ ...... _ .... do .....••• _ •..•.. Ring 5° .......••.••. 
. .. do_._ .•.. _ .... do .......... _ .•.. Ring 0° •.. _ .......•• 
===~~======= =====~~::::=:::::::::: ii~~ t~o:::::::::: :: 
_ .. do_ ...•.•..... do •.......•...... Exposed cylinders .•• 
_ .. do_ ...... Exposed cylinders ........ do •... _ .........• 
_ .. do ....... Ring _5° ..••.........•.. do ... . _ .•..... • . • 
_ .. do_ ...... Ring _10° ............... do •••• _ .........• 
_ .. do....... Ring -15° ..... _ ......... do .... _ ......•... 
SmaIL._ .. Exposed cylinders ........ do .... _ .........• 
_ .. do_ ...... _ .... do .... _ ..... _.... Ring 10° ...•....•••. 
.•• do_ ..........• do .... _ ..... _.... Ring 5° ..•......••.. 
_ ._do_._ ...• _ ...• do .... _ ..... _ .... Ring 0° ..•...... _ • •• 
_ •• do ...... _ . ..•. do .... _ ..... _ .... Ring -5° .••..•.••.• 
._ .do_ ...... __ •.. do ....•...•• _ .... Ring _10° .•. _ .....• 
_ •• do .... _ .. Ring 4° ........ _ .•.. Exposed cylinders .. 
__ .do ....... Ring 0° .... _ .•. _ .... _ .... do ..•. _._ .•..•... 
_ •• do __ ••••• Ring _5° ..•..• _ .... _ .... do .•.• _ .....•.•.• 
_ .. do ..•.... Hing _8° .•..•. _ ...• . . _ •• do .... _ ......... . 
_ .. do_ .•••.. Ring _10° _ .... _ .... _ .•.. do .... _ ......... . 
_ .• do_._ . ... Ring 4° ...•••.. _.... Ring 5° ............ . 
_ .. do_ ...•.• Ring -5° ...... _ ......••• do .... _ ...•...•.. 
_ .• do_...... Ring 0° . . .•.... _ ..... _ •.. do ......•........ 
. .• do_ ...... _ ...• do .... _ ... . . _ .... Ring 10° ••• .. _ ..... . 
___ do_ ...... _ ...• do .... _ ..... _ .... Ring 0° .••.......... 
Large ..•..• N.A.O.A. hood._ ... _ Ring 5° .••.....•.... 
_ •• do_ ... _ ....... do .•.. _ •.•••..... _ ...• do .... _ .... ... .. . 
_ .. do ............ do ........... ......... do .•..... ..... 
SmalL.... Exposed cylinders.. . Exposed cylinders ... 
. .. do_ ...... Ring 0° ..........•.. Ring 5° .•........... 





































.633 .625 .619 .615 .610 20.8 22.0 .............•........... 658 . 638 .625 .615 . 610 .608 . 604 
.631 .619 . 607 .603 .596 20.8 22.0 ...............•......... 651 .635 .621 .613 . 606 .600 .594 
.641 .620 . 610 .604 .600 20.8 22.0 .. . . .•....... _._ ......... 648 .631 .620 .611 .604 .595 .590 
.643 .625 .610 .599 .592 20.8 22.0 ....••.......•.•.....• _ .. 652 .640 . 624 .614 .610 . 605 .600 
. 660 .639 .625 . 616 .610 . • _ ..... . .................•... _ ._ •• _ .••......• _ .... .• _ ••• ...... _ .. _ - ___ ..••...• 
.639 .620 .609 .603 .597 21.2 22. 0 . ................ _ ._ •• _ .. 668 .643 .628 .615 .608 .603 .600 
.634 .618 . 608 .603 .600 20. 9 22.7 . ..... . . ... . . ..... ...•.. .653 .635 .623 .615 .609 .608 .606 
ig: g n: ~ ::::::/::::::1:::::: .. ~~~I .. ~~~~ .. ~~~:L.~~~ .. ~~~~L.~~~: ... ~:~: .. ::~~ :::::: ::::::1:::::: ::::j .. ~~~~ .. ~~l.~~:: .. ~~~t~~~ -.~~~ .. ~~~: 
16. 5 17.0 .•.......... . ....•. 572 .580 . 588 .592 .595 .597 21.8 22. 0._._ .......•....... _ .. _ .. 574 .575 .583 .590 .595 .599 . 601 
15. 8 16.8 . ..............•...•••. _ •••........ _ .......•.•.. ....... _ . .....•.•. . . _ .•..... _._ ._ ...• . ..........•.. _ •••.....•...•.... - .• __ .. _ ... - .• __ 
15.8 16.8...... . . .... ..••.. .560 .575 .582 .588 . 590 .591 21. 2 22.0 ... _ ••....•. . _.... .•. ... .580 .588 .590 .582 .585 .594 .602 
15.8 16.8 .....•............••.. . •.•••........... . ...•.•..... _ .... _ .......•..... _._ ....... - .....•.....•...•..•. - ...... - .. - ..... - .. - --.•.. ...•.. 
15.8 16.8...... . ..... . . .... .593 .580 .583 .593 .601 .609 21. 2 22.0...... ...... . ..... ...... .588 .590 .592 .589 .586 . 593 . 609 
15.8 16. 8 . . ......... . .•. . ... 569 . 580 . 590 .600 .606 .611 21.2 22. 0 . ... .•.........•...•...•. 569 .580 .588 .596 . 603 .606 . 609 
15.8 16.8 . ................. • •.• .•. . . ... ......................... . . ..............••........•...••.•.•••...•.•• __ •• -._._ ...• _ •.. - •. __ ...••••.• _. 
15.8 16.8 ............. _ .......•.•............... . .•..... . ... ....... _ ......•....•... _ .....•. _ ..•.. _ .....•• _ ..• . ...•••. - ...•........ --..••.....• 
15.8 16. 8 ............ . _ ...• ..• . .•.•.. . ............•••••... _ .......• _ ......••.......• .... .•.......• _ ....•.•..•.... - .•..••..• - .• - ... __ ...... ..•• 
15.8 17. 0.... . . •..... •.. ... .594 .600 . 602 .605 .610 .611 21.1 22.0 ....••....... _ ......• __ . .572 .589 .600 .606 .610 .613 .614 
15.8 17.0 ... _ ........ .. .......•...................•..• _ ... _ ..............•.•.......•.....•...•...• _ •.• _ •..•••....•••..... . .... - .. - --...• - •..•• 
15. 8 17.0 . . ................ _ •••••••...•...........•..••... _ ...... _ ....... _ .•.......•..... _ ........ _ ..•••..•••...••........ - ..•... - - •........• _ 
15.8 17. 0 .......•...............••........•.......•..••..••.............••..............•......... _ •..••....• . ..•......... . ...... - _ •.......... 
15.8 17.0 . . . _ ...•.........•...........•.....•.... .•..........•... . . _ .....•.•...... •..•. . ...•.•.... _ ... ••....•... . ....... . . - ...... - _ ..•......• _ 
15.8 17.0 ..•..............• . . ... _ .....•..••.•... __ •. . • _ .......... _ .................•...................•.. _ ••..............•....• _ ... _ ... - ... _ 
15.8 17.0 .. . _ .. .••........•.......•.•.......•... _ .• ... _ ..... _ . ....•................•..•....•.......... ... . . .•..•. - ....... --... -_. __ ._ •...... _. 
15. 8 17. 0 . . . _.. . •.•.. ...••• .581 .589 .596 .604 .613 .621 ..........•.•..............• _ ..•• _ ....•...•..• _ .... ..•.. _ •• _ ... - .• __ .••.....•.• 
15.817.0 ... _ .. .•.. _ ....•••. 590.592 . 598.603 .607 .609 21.122. 0 _______________________ . . 582.590 .597.604.608 . 610 .611 
15.8 17.0 ______ ______ ______ . 588 .599 .605 .612 .618 .621 21. I 22.0 ____ ._ ______ ______ ______ .572 .584 . 595 .603 .610 . 614 .618 
ig: ~ n: ~ :::::: :::::: :::::: --~~~ --~~~ --~~:~ --~~~ --~~~~ --~~~~ --.:~~~ --:=~~ ::::::1:::::: ::::::1:::::: --~~:~I'-~~~~ --~~:~I'-~~~~ --~~~I--~~ --~~~: 15.8 17. 0 ______ . _______________________________________________ -- ____ • ________ . _________ ._. ___________________________________ _____ • ___ . __ . ___ 


























. 579 .573 .575 .580 . 593 20.8 
.589 .584 .593 .608 .60i 21. 3 
.648 .626 .614 .611 .603 21. 0 
.656 . 628 .603 .583 .569 21. 2 
.633 .601 .586 .578 .573 
-------
22. 0 ------ - ----- ------ ------ .572 .578 . 580 .581 .583 .585 .585 
22.0 ------ -- ---- --- --- ------ .573 .575 .580 .590 .597 .606 .610 
22.0 ------ ------ ------ - ----- .698 .663 .639 . 622 .612 .603 .601 
22.0 -_._ --
------ ------ ---.--
.687 .653 .629 .611 .598 .587 .578 
------
------ ---- -- --- --- - ----- ------ - - .. --- ------ - ----- ----_ .. -- ---- ------
17.0 
- - ---- -- --.- ... -.-- .693 .665 .645 .633 .623 .616 21. 0 22.0 ------ ------ ----- - ------ .683 .657 .637 .629 .622 .618 . 616 
17.0 
------ -- -- -- ---.- - .685 .646 .613 .604 .603 .686 21. 0 22.0 ------ ------ ------ ------ .663 .648 .6311 .617 .608 .604 .603 
2-0 I L arge __ · ___ 1 N.A.O.A. hOOd ____ ·I ____ ·dO ______ · ________ 1 15.8 






































MOM ENT COEFFICIENT WITH PROPELLER OPERATING, Cmp=~ 
ANGLE OF ATTAOK--5° 




Front 1 Rear 1 0.1 \ 0.2 \ 0.3 \ 0.4 
V 
nD 




O. 9 \ Fron t\ Rear \ O. I 1 o. 2 \ o. 3 \ o. 4 \ o. 5 
V 
nD 
0.6 0.7 0.8 0.9 1.0 1.1 




Large_. __ N.A.O.A. hood. Ring 5° __ . ___ ._. 
___ do . ___ . _____ .do __ . ___________ .do _________ _ 
___ do ___________ do _________ . Exposed cylin-
ders. 
___ do ______ Exposed cylin· _____ do _________ _ 
ders. SmaIL ________ do __________ ___ __ do _________ _ 
___ do ______ N.A.O.A. hood. Ring 5° _______ __ 
___ do ______ Ring 0° ______________ do ________ __ 
Large ___ ..! N.A.O.A. bood. _____ do ________ __ 
4-A I ___ do ___________ do _______________ do ________ __ 
___ do ___________ do __________ Ring 0° _______ __ 
I-B I---do----- ____ .do __________ Ring 5° ---------
2-B ___ do ___________ do __________ Ring 0° ________ _ 
___ do ___________ do __________ Ring 5° _______ __ 
___ do __________ do __________ Ring 10° ______ __ 
___ do ___________ do _________ . Exposed cylin· 
ders. 
___ do ______ Exposed cylin· _____ do _________ _ 
ders. 
___ do ______ Ring -5°. ___________ do ________ __ 
:::~g:::::: ~:~~ =t~::::::: :::::gg:::::::::: SmaIL ___ Exposed cylin- _____ do _________ _ 
ders. 
:Jt:.::: :::Jt:::::::: !!~! g~;:::::::: 
___ do ___ _ .. ____ do __________ Ring -5° ______ _ 
___ do ____ . _____ do __ _______ _ Riog -10° ____ __ 
___ do ______ Ring 4° _________ Exposed cylin-
ders. 
___ do . _____ Ring 0° ___________ ___ do ________ __ 
___ do _____ Hing _5° _______ _____ do _________ _ 
___ do __ . __ Ring -8° ____________ do ________ __ 
:::gg:~_-_~: ~:~~ ~~~~~::::: -Ri,;~~;;::::::::: 
___ do _____ Hing _5° _______ _____ do. ________ _ 
:::~g:~_._~: _::i.~~2:::::::::: -Ri,;g~(r:::::: 
___ do ___________ do_ _ ________ Ring 0° ________ _ 
3-B 1 Large __ -- N.A.O.A. hood __ Ring 5° --------. 
4-B ___ do ___________ do _______________ do ____ ____ __ 
1-0 ___ do ___________ do _______________ do _______ __ 
SmaIL ___ Exposed cyllo· Exposed cylin' 
ders. ders. 










17.0 ~ ... -. 
----- -----
-0.253 -0.165 -0.120 -0.093 -0.074 
17.1 -.253 -.159 - . 118 -.089 -.072 
17.1 -.248 -.162 -.118 -.089 -.072 
17. I -.255 -.ISS -.115 -.088 -.070 
17. 01------1-----1----.1-. 2501-'1501-'1101-' 
085
1-' 065 6 8. ______________ . -.23  -. I52 - . 1 2 -.085 .068
16.8._____ __________ -.243 -.150 -.112 -.085 -.067 




















1 =.0642 .0______ ______ ______ ______ .213 .152 .1l9 .096 .080 .068 . 06 
22.0 _____ . __________ ________ -.200 -.148 - . 117 -.093 -.078 -.067 -.060 
=: ~~~I--~~~I--~~~~I::::::I::::::I::::::I::::::I-:-:~~~I·:-:~~~~I·:-:~::~I-:-:~~~I-:-:··~~~I-:-:~~~I-:-:~~ 
-.055 21. 2 22. 0 ________________________ -.200 -.145 -.114 -.094 -.079 -.068 -.060 
-. OSS\ 20.9 22.71. _______________________ -.202 -.148 -. US -.093 -.078 -.068 - . 062 
I5. 9 17.0 ________________ -.254 -.160 -.117 -.089 -.0701 -.055 21. 8 22. 0 ________________________ -.204 -.15I - . U8 -.096 -.080 -.068 -.059 15.9 I7.0 _________________________________________________ .. _________________________ . ____ . _________________________ . __________ _________________ . ______ _ 
16. 5 17.0___________ _____ . 059 .007 -.026 -.0·10 -.046 -.049 21.8 22.0______ __________________ .040 .000 -.026 -.042 -.052 -.060 - .068 
I5.8 16. 8 _______________ . _____________________________________________________ . ____________ ________________________________ . _____________ . ______ . ______ _ 
I5.8 16.8 ___________ _____ .054 -.005 -.035 -.054 -.068 -.075 21. 2 22. 0 ______ __________ __ ______ .047 -.002 -.030 - .048 -.058 - . 066 -. 072 15.8 I6.8 ______________________________ -- _______________________________ . __________ ________________________________________ . ____________________ . ______ _ 
15.8 16.8 _______________ . .OM -.005 -.03C -.055 - . 069 -. 079 21.2 22.0____________ ______ ______ .028 -.013 -.040 -.055 -.065 -.072 -.078 
I5.8 16.8 ________________ .0·19 -.003 - .035 -.056 -.068 -.077 21.2 22.0 ________________________ .028 - .010 -.033 -.049 -. 059 -.067 - .072 
15.8 16.8 _______________ . _________________________________________________________________ ______ ____________________________________ _________ ___ ______ _ 
15.8 16. 8 ___________ ___________________________________ ____________ _________________________________________________ . __________________________________ _ 
I5.8 16. 8 _____ . ________________________ ---- __ . _________ ____ . ___________________________________________________________________________________________ _ 
I5.8 17. 0 ______ _____ _____ .055 -.006 -.039 -.058 -.070 -.076 21. I 22. 0 ______ _______ _____ ______ .026 -.013 -.037 - . 055 -.065 -.073 - .076 
15.8 17.0 ___________ _____ -______ -- ---- ------- _____________ _ __________________ . ______________________________________________________________________ __ _ 
15.8 17.0 __________________________________________________________________________________________________ . ______________________ _______________ __ ___ __ 
15.8 17.0 _______________________________________ ___ . ________________________________________________________________________________ _________ ___ ______ _ 
15.8 17.0 _________________________________________________________________________________________________ . _______________ . ___________________________ _ 
15.8 17.0 . __________________________________________ . ______________________________________________________________________________ ____________________ _ 
I5.8 17.0 _____________________________ . _____ . ________________ . _________________________________ ___ ________________________________ . ____________ _ 
15.8 17.0 ______ _____ _____ .052 -.008 -.043 -.003 -.075 -.082 __________________________________________________________________ __________________ _ 
15.8 17. 0 ________________ .047 -.012 -.042 -.062 - .073 -.080 21.1 22. 0 ______ __________________ .025 -.012 -.037 -.054 -.066 -.074 -.079 
15.8 17.0 _______________ . .050 -.010 -.0-10 -.060 -.072 -.079 21.1 22.0 _____ . ______ ______ ______ .023 -.015 -.040 -.056 -.067 -.074 -.079 
15.8 17.0 _______________ . .040 -.010 -.0-12 -.062 -.073 -.078 21.1 22.0 ______ ______ ______ ______ .025 -.017 -.042 -.057 -.067 -.073 -.077 15.8 17.0 ______________________ ___ ____ . ________________________________________________________ ____ __________ . ________________________________________ __ 
15.8 17.0 ______________________________ -- ___________________________________________________________________ . _________________________________________ _ 
15.8 17.0 ______ _____ _____ .055 -.005 -.037 -.057 -.069 -.076 21. I 22.0 ______ ______ ______ ______ .034 -.010 -.035 -.053 -.064 -.072 -.077 





17·l---- --.-- ----- .033 -.014 -.047 -.065 -.077 -.082 
17.0 ______ 
.003 .002 -.035 -.OSS -.071 -.078 
17.01 ________________ -.120 -.092 -.083 -.077 -.073 -.072 
15.6 _____________ . __ -. 105 -.092 -.082 -.073 -.067 -.062 
20.8 22.0 
------
21. 3 22.0 
--- - --
21. 0 22.0 
------21. 2 
----- - ------ ------
.022 - .020 -.044 -.OSS -.068 -.077 -.082 
------ --- -- -
-.-._- .035 -.007 -.035 -.052 -.062 -.070 -.077 
------ ------ ------
-.102 -.092 -.085 -.079 -.076 -.073 - .072 
22.0. __________ _____________ -.106 -.094 -.085 -.080 -.075 -.071 -.068 
14.71 15.61. ____ 1 ___ 1 __ ..1 -.1051 -.0921 -.0831 -.077\ -.073\ -. 069, ______ , ______ , ______ , ______ , ______ , ______ , _______ , _______ , _______ , _______ , _______ , _______ , ______ _ 
2-0 I Large _____ 1 N.A.O.A. hood __ I-----do- - --------1 15. 8 
3-0 ___ do ____ . _____ do _______________ do __________ 15.8 
17.01------1-----1-----1-. 0981-. OS71-' OSOI -.0761-.0731-. 0701 21. 01 22. 01------1------1------1------1-· 0901-' OS31-' 0781-' 0751-' 0721-' 0701-' 068 






































MOMENT COEFFICIENT WITH PROPELLER OPERATING, Cmp=Msp Continued q c 
ANGLE OF ATTAOK=O· 
F ront propeller: Right-hand no . '1412-4-foot d inmeter. Rear propeller : Left-hand no. 4412--4-foot diameter 
11 
nD 
















Front Rear Frontl Henr I 0.1 I 0.2 I 0.3 I 0.4 0.5 0.6 0.7 0.8 0.9 I],'rontl Rear I 0.1 I 0.2 I 0.3 I 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 
_______ --------1--1--1-- 1--1--1--1---1---1---1---1---1--1--1--1--1--1·--1---1---1---1---1--'---,---
Lar~e ____ _ ),'.A.O .A. bood_ Ring 5· ________ _ 
___ do __________ do _____ _________ _ do __________ _ 
___ do ___________ do ___________ Exposed cylin-
ders. 
___ do _____ Exposed cylin- _____ do ___ _______ _ 
ders. SmaIL ___ . ____ do ___ __ ________ ___ do ____ _____ _ 
___ do ______ N.A.O.A. hood Ring 5· ________ _ 
___ do ______ Ring O· ___________ ___ do __________ _ 
Large ____ ),' . .\.0 . .'\. hood _____ do ___ _______ _ 
___ do ___________ <10 _____________ ___ do _____ -----. 
___ d O. _____ ( ____ dO ___________ Ring O· ___ ------
__ do ______ 
I 
____ do ___________ Ring 5· _______ _ 
___ do __ ._. _____ do ___ _______ _ 
::: a~::::-:I:::::aL:::::::: ~:~~ ~: :::::-::: Ring 10· ______ _ Exposed cylin-
ders. 
___ do ___ ___ 1 Exposed cylin-
ders. 
_____ do __________ _ 
Ring -5· -------I-----do- --------- -Ring -10· _____ ______ do ____ ______ _ 
Ring -15· ___________ do ____ ______ _ 
Exposed cylin- _____ do _______ ___ _ 
___ do _____ _ 
___ clo _____ _ 
___ do _____ _ 
SmaIL __ _ 
ders. 
___ do __________ do __________ _ 
___ do ___________ do __________ _ 
___ do . _______ ._do __________ _ 
___ do ___________ do ________ __ _ 
___ do __________ do __________ _ 
___ do ______ Ring 4· ________ _ 
Ring 10· ___ __ __ _ 
Ring 5· ___ _____ _ 
Ring O· ________ _ 
Ring _5· ______ _ 
Ring -10· _____ _ 
Exposed cylin-
ders. 
~Jim~~~ ~1!1 ~~~~f~~~}~Jt~~}}~m~~~ 
___ do ______ Ring _5· ____________ do ______ ___ _ 
___ do ___ ___ Hing 0· _________ ___ __ do ____ __ ___ _ _ 
___ do ____ ____ ___ do ___________ Ring 10· _______ _ 
___ clo ___ ___ . ____ do ___________ Ring O· __ _ 
17.0 17.0 ________________ -0. 24~ -0. 155 -0. II" -0.087 -0.069 -0.056 22.0 22.0 ______________ . _________ -0.210 -0. 150 -0. 115 -0.093 -0.077 -0. 067 -0.060 
15.9 17.1 __ __ ____ ____ __ __ -.238 -.146 -.107 - . 080 -.063 -.051 20. 8 22. 0 _____________ ___________ -.207 -.147 -.112 -.090 -.075 -.064 -.055 
15. 9 17. L ____ __ __ ___ ___ _ -.248 - . 152 - .108 - . 0~2 -.065 -.053 20.8 22.0 __ ____ ______ __ __________ -.202 - .146 - . 111 -.08i -.072 - .062 -.055 
15.9 17. 1- ___ ___ ___ _ _____ -.238 -.147 -.10i -.081 - .063 -.05220. 822.0 ____ ___________________ - . 194 -.135 -.107 - .088 -. 073 -.063 -. 054 
15. 7 17.0 ________ ___ _____ -.225 -.145 -.100 -.075 - . 060 -. 050 20.8 22.0 ________________________ -. 194 -.140 -.106 -.087 -. 074 -.063 -. 055 
15. 8 16.8 ________ ________ -.231 - .142 -.103 -.077 -.060 -.048 ____ __ __________________ . _____ __ _ _ ______ -__ ____ ------_ -- --- __ --- ____ _______ ______ _ 
15.8 16.8 _______ ____ _____ -.225 -.147 -.104 -.079 -.062 - . 051 21. 2 22.0 ______ ______ ______ __ -.206 -.1'14 -.110 -.088 -.072 - . 060 -.051 
15.9 li.8 ______ -_________ -.240 - .152 -.107 -.079 -.060 - .049 20.9 22.1-_ . ___ ._. ___________ . __ -.196 -.140 -.106 -.085 - . 070 -.059 - . 052 
15. 9 17.0 _______ __ _______ -.227 -.153 - . 108 -.081 - . 063 - . 051 21. 2 22. 0 _______________________ -.195 -.142 -.109 -.086 - . 069 -.057 -.048 
15.9 17.0 _____ _ __________ -.235 -.144 -. 103 -.078 - . 060 -.049 _____________________________ . _____ -_____ ------- -- - ____ ------- - -- _________________ _ 







-----15.8 16.8 ______ - -- - _____ _ 
15.8 16.8 ______ - __ ______ _ 





.0051-. 0301-.0501 -.0631-.0691-- - 1---- -1------1------1------1------1--- - 1-------1-------1-------1·------1-------1-------
: ~ =: g~ =: g~ =: g:g =: g~~ __ ::. 2 _ ~=~~ :::::: :::::: :::::: :::::: ___ .~~ __ ._~ _~~~~ _ ~~~~~ _ ~~~~ _~~~ _~~~~ 
.000 - .031 - . 051 -.063 - . 072 21. 2 22.0 __ . __ . _____________ .___ .044 -. 002 -.030 -.047 -.058 -.065 -.070 
15.81 16.81 _____ -1- -___ 1 ___ __ 1 . 0641 . 0031 -.0301 -.0491 -.0601 - . 0691 21. 21 22. 01 ______ 1 ______ 1 ______ 1 ______ 1 .0421 .0001 -.0261 -.0441 -.0551 -.0621 - . 068 
15.8 16.8 ---- -- -----1-- __ _ 15.8 16. 8 ______ ----- - - __ _ 
15.8 16.8 ___ ___ ---- _ ___ _ _ 
15.8 17.0 __ ____ -- -- _____ _ 
. 060 .000 - . 034 - . 053 -.065 -.070 _________________ - _____ --- _________ - -- ____ ------- - -- -- __ - - --- __ - -- _____ ____ _ 
. 062 -.001 -.035 -.054 -.066 -.073 ___________________________________ -_________ __ _ -- _____ ----- __ - - __ ______ __ ___ _____ _ 
.057 .000 - . 033 - . 053 -.066 -.074 _____________________________ _ ______ -_____________ -- _____ -- - ____ -___________________ _ 
. 053 -.004 - . 034 -.053 -.065 - . 074 21.1 22.0 ______ ______ ______ ___ ___ . 037 - .007 -.032 - .050 -.060 -.066 -.069 
15.8 Ii. 0 ___ ___ ----- ____ _ .070 .002 -.031 - . 050 -.063 - . 070 _____ . ___________________________________________ -- __ ___ -- - - ___ -- __________________ _ 
15.8 17.0 __ __ __ ----- ____ _ . 061 .002 -.029 -.049 - . 062 -.070 ___ ___ .- ____ -- ____ -- _____________________________________ ---- - ___ ____ ___ __ __ __ - _____ _ 
15.8 17. 0 ___ ___ -- --- ___ _ _ . 060 .000 -.032 -.052 -.064 -.072 ______ -________________ - -___ _ ______ -_____________ --- ____ - -- -- __ - __ ______ ______ _____ _ 
15.8 17. 0 __ __ __ ---- _ ___ _ _ . 058 .003 -.030 - . ().19 -.062 -.071 ___________________ _____ - ___________ -_____________ -- _____ ----- ___________ _____ - __ ___ _ 
15.8 17.0 ___ __ _ - ____ ____ _ . 055 .000 - . 031 -.051 - . 064 -.071 ___________________ ____________ _________ __________ . _________________________________ _ 
15.8 17.0 __ __ __ - --- _ ___ _ _ .063 -.004 - . 035 -.054 -.068 -.077 ________________________________________ ___ ________ __ _____ __ ______________________ __ _ 
15.8 17.0 ____ __ - -- -- ____ _ .051 -.004 -.035 -.054 -.067 ' - . 075 ____________________________ _ ______________ _____________ -- ___ ___ __ _______________ __ _ 
15.8 17. 0 ____ __ ----- ____ _ 
15.8 17.0 __ __ __ ----- ___ _ _ 
.063 -.002 -.033 -.053 -.065, -.073 21. I 22. 0 ______ ___ ___ ______ ______ .037 -.005 -.030 -.048 -.058 -.065 -.068 
. 060 .000 - . 033 -.052 -.063 -.072 21. I l~. U .____ _ __ ____ ____ __ ______ . ()'10 - . 008 - . 033 -.046 -.057 - . 065 -.070 
15. 8 17.0 ______ ----- ____ _ . 056 . 000 -.033 -.053 -.065 -.072 21.1 22.0 ______ __ ____ ______ ___ ___ .036 -.006 - . 031 - . 048 - . 058 - . 065 -.068 
15.8 17.0 ______ _________ _ .062 . 001 -.032 -.050 -.003 -.072 __ _____ _____ . ____ .. __ __ ___ _____ ___ _____ _________ ___ __ ____ __ ___________ .. ____ _________ _ 
15. 8 17.0 ______ --- ______ _ .057 .002 -.032 -.052 -.063 -.072 __ ______________________ __ _____ ______ ______ ___ ___ _ ____ _____ __________ ___ ____ ________ _ 
15.8 17.0 __ ____ ---- _ __ __ _ .059 .002 -.031 -.051 -.064 -.072 21. 1 22.0 ______ ______ __ ___ _ ______ .038 .000 -.027 -.045 -.056 -.064 -.072 
If>. 8 17.0 __ _____ __ _____ _ _ .065 .002 - .033 -.049 -.061 -.072 ___________ _ _______ ____ ___ _________ _ _____ ____ ____ _______________ ____ ________________ _ 
15. 8 17.0 ______ - __ ___ __ _ _ .060 .000 -.033 -.052 - . 065 -.074 __________________ __ _________ _____________ __ ____ _______ _____ ___ _____ _ . ____________ _ 
3- D I Large _____ N.A.O.A. hood_ Ring 5· __ _ _____ 15.7 17.2-___ __ - - --- ----- .042 - . 003 -.035 -.055 -.068 -.077 20.8 22.0 ______ -- ---- --- - -- - ----- .030 - .012 -.036 - . 050 -.060 -.068 -. 073 
4-B ___ do ____ __ _____ do ___________ . ____ do_______ ____ 16. 1 17.0 ______ ___ __ _____ .064 .010 -.028 -.051 -.063 -.070 21. 3 22.0 ___ ___ ______ ______ ______ .050 .000 -.030 - . 046 -.056 -.063 -.069 
1-0 ___ do ___ __ _ _____ do __ ___ ___ ____ ____ do ____ __ _____ 15.8 17.0 ________________ -.097 -.084 -.075 - . 068 -.063 - . 060 21.0 22.0 ___ __________ ___ ___ _____ -.094 -.082 -.074 -.068 - . 065 -.063 -.062 
SmalL ___ Exposed cylin- Exposed cylin- 14.7 15. 6 ______________ __ - . 100 -.087 - . 078 - . 070 -.065 -.060 21. 2 22. 0 _______ ______ ___ ____ ___ _ -.095 -.088 -.082 -.076 -.072 -.067 -.064 
ders. ders. 
___ do __ __ __ Ring 0· ___ ____ __ Ring 5· ___ ______ 14.7 15.6 _______________ _ - . 100 -.086 -.076 -.066 - .061 - . 057 __ __ ____ ________ __ __ ____ ____ __ __ _____ ____ __ __ ____________ -_____________ __ _____ ______ _ 
2-0 I Large ___ __ N.A.O.A. hood. _____ do_____ ______ 15.8 17.0 ---- - - ----- ---- - -.082 -.072 -.065 -.062 -.060 -.058 21.0 22.0 ---- -- --- ___ - - ---- - _____ -.078 -.073 -.068 -.065 -.062 -.060 -.058 









































r--~~---~-~-~~~~~ -----.- ± ....... ~ 





MOMENT COEFFICIENT WITH PROPE LLER OPERATING, C ... p=~~ Continued 
ANGLE OF ATTAOK=5° 




FrontlRearl 0.1 10.210.310.4 
V 
nD 




0.9 IFrontl Rear I 0.1 I 0.2 I 0.3 I 0.4 I 0.5 
V 
nD 
0.6 I 0.7 0. 8 0. 9 1.0 1.1 
---I 1--1--1--1--1--1---1---, ___ , ___ , ___ , ___ , __ , __ , __ , __ , __ ,--,--- ,---. ___ . ___ . ___ . ___ . __ _ 
22. 01. ____ .1 __ ____ 1 ______ 1 ______ 1- 0. 2131-0. 1521-0.1201-0. 0951-0. 0801-0. 0701-0. 060 I~A I Large _____ N.A.O.A. hood_ Ring 5° _________ 17.0 
2~A ___ do ___________ do _______________ do__________ 15.9 
17.0 
------ ----- -- .-- -0. 246 -0.160 -0.117 -0.090 - 0. 072 -0. 060 22.0! 
17.1 
------ ----- -----








___ do ___________ do __________ Exposed cylin- 15.9 17.1 
------ --.-- ----. 
-.245 -.153 -.107 -.080 -.062 - . 049 20.8  ________________________ 201 .143 -.110 -.088 .072 - . 061 .053
ders. 
___ do ______ Exposed cyJin- _____ do__________ 15.9 17.1 ________________ -.237 
-.153 -.107 
ders. 
-.078 -.060 -.048 2O.S 22.0 ________________________ -. 198 -.137 -. lOS -.087 - .072 -.061 -.052 
SmaIL. _______ do _______________ do__________ 15.7 
___ do ______ N.A.O.A. hood_ Ring 5°_________ 15.8 
___ do ______ Ring 0° ______________ do__________ 15.8 
Large _____ N.A.O.A. hood ______ do__________ 15.9 
17.01------1-----1-----1-.2301-.1451-.1001-. 0781 - .062 6.8 ________________ . 2 3 -.143 - . 099 -.077 .060
16.8 ________________ -.229 -.142 - . 098 -.072 -.055 
17. S _____________ ___ -.224 -.140 -.097 -.070 -.055 
=: ~sgl--~: ~I-- ~~:~I::::::I:::: ::1:: ::::1:: ::::1-=:~~I-=:~~~I-=: ~~~I- =:~J =: ~I-=:~~~I- =:~~ 
- . 044 21. 2 22.0 ________________________ -.200 -.140 -.100 - . OSOI-. 068 -.058 -.050 
-.045 20.91 22.7 ___ _______________ --- ___ - .2071 -.142 -.103 - . OSO -.0651 -.0571 -.052 
___ do ______ I _____ do __ --- __ -- _1 _____ do_ - - - -- ----
___ do ___________ do _________ . Ring 0° ________ _ 
___ do ___________ do __________ Ring 5° ________ _ 
~g: ~ g: ~ :::::: ::::: ::::: -=~~ -=~~~~ -=~~~~ -=~~:~ -=:~~~ -=:~: --~~:~ --~:~ :::::: :::::: :::::: :::::: -=:~~~ -=:~~~ -=:~~ -=:~~~ -=:~:~ -=:~~I-= :~~~ 
16.5 17.0______ _____ _____ .081 -.016 -.022 -.041 -.053 -.063 21.8 22.0______ ______ ____ __ ___ ___ .053 .010 -.020 -.038 -.050 -.058 -.064 
Ring 0° ________ _ 
Ring 5° ________ _ 
Ring 10° _______ _ 
Exposed cylin-
ders. 
___ do ______ 1 _____ do_ - - --- - ---
___ do ___________ do _________ _ 
___ do ___________ do _________ _ 
___ do ___________ do _________ _ 
15.8 16.8 ____________________________________________________________ : _________________________________________________________________________________ _ 
15.8 16.8 --____ _____ _____ .070 .007 -.028 -.048 -.059 - . 065 21. 2 22.0 ______ ______ ______ ______ . 052 . 007 -.020 -.040 -.052 -.057 -.062 15.8 16.8 _________________________________________________________________________________________ _____________________________________________________ _ 
15.8 16.8 ______ _____ __ ___ . 065 .004 -.029 -.050 -.063 -.0"(0 21. 2 22.0 ______ ______ ______ ______ .042 -.002 -.028 -.044 -.055 -.061 -.067 
___ do _____ .1 Exposed cylin- _____ do _________ _ 
ders. 
15.8 16.8 ______ _____ _____ .065 .010 -.026 -.048 -.060 -.068 21. 2 22. 0 ______ ______ ______ ______ .050 .000 -.026 -.042 -.051 -.060 -.065 
Ring _5° ____________ do _________ _ 
Ring -10° ___________ do _________ _ 
Ring -15° ___________ do _________ _ 
Exposed cylin- _____ do _________ _ 
ders. 
___ do _____ _ 
___ do _____ _ 
___ do _____ _ 
Small ___ _ 
15.8 16.8 ______________________________________________________________________________________________________________________________________________ _ 
15.8 16.8 ___________________________________________________________________________________ __________________________ _______________________________ __ _ 
15.8 16.8 _________________________________________________________________________________________ _________ ____________________________________________ _ 
15.8 17.0 ________________ .063 .000 -.033 -.053 - . 065 -.072 21.1 22.0 __________________ __ ____ .062 -.007 - . 031 -.0{3 -.053 -.060 - . 067 
___ do ______ _____ do __________ Ring 10° _______ _ 
___ do ___________ do __________ Ring 5° ________ _ 
___ do _________ __ do __________ Ring 0° ________ _ 
___ do ___________ do __________ Ring _5° ______ _ 
___ do ___________ do __________ Ring _10° _____ _ 
___ do ______ Ring 4° _________ Exposed cylin-
ders. 
15.8 17.0 __________________________________________________ . __________________________________ _____________ ____________________________________________ _ 
15.8 17.0 __________________________________________ __________________________ ___ ______ __________________________________________________________ __ _____ _ 
15.8 17.0 _________________________________________________________________________________________ _____________________________________________________ _ 
15.8 17.0 ______________________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ______________________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ______________________________________________________________________________________________________________________________________________ _ 
___ do______ Ring 0° ______________ do _________ _ 
___ do ______ Ring _5° ____________ do _________ _ 
___ do _____ _ Ring -So ____________ do _________ _ 
___ do ____ __ Ring -10° ___________ do _________ _ 
___ do ______ Ring 4° _________ Ring 5° ________ _ 
___ do ______ Ring -5° ____________ do _________ _ 
___ do ______ Ring 0° ______________ do _________ _ 
:::gg:::::: :::::gg::::::::::1 1iJ: ~~::::::::: 
15.8 17.0 ______ _____ _____ .067 .002 -.032 -.052 -.063 -.072 ____________________________________________________________________________________ _ 
15.8 17.0 ______ _____ _____ . OS2 .001 -.032 -.050 -.063 -.068 21.1 22.0 ______ ______ ______ ______ .040 -.002 - . 030 -.047 -.057 -.063 -.067 
15.0 17.0 ______ _____ _____ .066 .001 -.030 -.050 -.062 -.070 21.1 22.0 ______ ______ ______ ______ .037 -.002 -.028 -.046 -.059 -.067 - . 071 
15.8 17.0 ______ _____ _____ .057 .000 -.030 -.050 -.063 -.072 21.1 22.0 ______ ______ ______ ______ .042 -.004 -.028 -.045 -.055 -.064 -.070 15.8 17.0 ______________________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ______________________________________________________________________________________________________________________________________________ _ 
15.8 17.0 ______ _____ _____ .062 .005 - . 030 -.049 -.060 -.068 __________________________________________________________________________ __ ________ _ 
It. ~ g: ~ ::::::c:: ::::T:::::: ::::::r::::: ::::::T:::::: ::::::: :::::: :::::: :::::: ::::::c:::: ::::::c:::: ::::::r::::: ::::::r::::: ::::::r::::: 
Large _____ N.A.O.A. hood_ Ring 5°_____ ____ 15.7 17.2 
-----. ----- ----- .055 .002 -.034 - . 053 -.062 -.065 20.8 22.0 ------ ---.-- -----. ------ .035 -.003 -.028 -.045 -.055 -.062 -.065 
___ do __ _________ do _______________ do __ ______ __ 16.1 17.0 
-.---- ----- ----- .071 .011 -.025 -.047 - . 059 -.065 21. 3 22.0 ------ ------ --- --- ------ .057 .007 - . 026 -.044 -.054 -.060 - . 063 
___ do ___________ do _______________ do_______ ___ 15.8 




-.043 -.028 -.018 -.012 -.008 -.007 21. 0 22.0 
------ ------ ------ ------ -.080 -.073 -.068 -.063 -.060 -.057 -.055 15.6 
------ ----- -----
-.048 -.038 -.029 -.021 -.015 -.014 21. 2 22.0 
------ ----- - ------ ------ -. 097 -.086 -.078 -.074 -.073 - .069 -.065 
___ do______ Ring 0° -- _ ------ Ring 5° __ ------- 14.71 15. 61------1-----1-----1 =.1001 =. 0791 = . 0701 =. 0641 =.0591 =. 0551------1------1------ 1- -----1------1- - ----1-~----1-~ ----I-~----I-~----I-~---- I -~----I-~----
2-0 I Largo _____ N.A.O.A. hood ______ do __________ 15.8 17.0______ _____ _____ .063 .059 .057 .055 . 055 . 055 21.0 22.0-_____ ______ ______ ______ .058 .057 .057 .056 .055 .055 .054 
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TABLE XI 
PROPELLER COEFFICIENT8-NACELLE-ALONE TESTS 
Front propeller: Right-hand no_ 4412--4-foot diameter. Rear propeller: Left·hand no. 4412--4-foot diameter. Angle of attack=Oo 
Propeller V Engine cowling pitch at 
nD Type of nacelle 0.75 R. 
Front I Rear Front I Rear 0.1 I 0.2 1 0.3 I 0.4 I 0.5 I 0.6 I 0.7 1 0.8 1 0.9 1 1.0 
Propeller spacing 1 diameter 
° ° 
" 
Large ______ N.A.C.A. hood ______ Ring 5° _____________ 16. 6 17.0 0.1555 0.1454 0.1326 0.1163 0.0973 0.0760 0.0517 0.0238 -0.0060 
--------
.£~T Small ______ Ring 0° _____________ _____ do _______________ 16.4 17.0 .1561 .1453 .1322 .1165 . 0987 .0793 .0579 .0323 .0046 -- --- ---0<1 ~ Do ____ Exposed cylinders ___ Exposed cylinders ___ 16.4 17.0 .1558 .1452 .1318 .1156 .0969 .0761 .0535 .0261 -.0010 Ifl I ~ .. ---- ----8N ~ 
1 1 Propeller spacing IJ.i dlameters c3' 
8 Large ______ 1 N.A.C.A. hood ______ 1 Ring 5° _____________ 1 16.41 17. 0 I 0.15721 0. 14581 0. 1317 1 0.11481 0. 0953 1 0.0741 I 0. 0509 1 0.02431-0.00651------ --
Propeller spacing 1 diameter 
t= Large ______ 1 N.A.C.A. bOOd ______ / Ring 5° ________ ____ _ / 16.6/17.0 I 0. 0384 1 0. 0384 1 0. 0382 1 0.0380 I 0. 0352 1 0.0307/ 0. 0245 1 0. 0160 I o. 0045 1 __ __ ____ sma~():~:: ~~~~~:dcyiiii(ieri~: -Exii~~ed-Cyi;n(iers~~: 16.4 17.0 .0380 .0380 .0380 .0367 .0337 .0293 .0233 .01SO .0040 ________ H'I§ 16.4 17. 0 .0387 .0385 .0382 .0375 .0340 .0295 .0230 .0145 . 0040 ________ oR, .. 
... " 
""0 "- Propeller spacing 1 J.i dlameters "a I .. o~ .. ~ 0 CJ 
Large ____ __ 1 N.A.C.A. bood ______ I Ring 5° -- -----------1 16.41 17. 0 I 0. 0376 1 0. 0375 1 0. 0374 1 0. 0372 1 0. 0342 1 0. 0298 1 0. 0235 1 0. 0152 1 0. 0047 1 ________ "" 
Propeller spacing 1 diameter 
... " I~ Large ______ 1 N.A.C.A. bOOd ______ 1 Ring 5° _____________ 1 16.61 17. 0 / 0. 0417 1 0.0409/ 0.0391 I 0 0363/ 0. 0330 I 0. 0288 1 0. 0237 1 0.0164/ 0.0090 1 ________ sm~o:::: ~~~~~:d cyiiii(iers~:: -ExP~~ed-cyi;nders~:: 16.4 17.0 .0412 .0400 .0370 .0355 .0321 .0284 .0232 .0165 . 0080 ________ ~.~ ~ ... 16.4 17.0 . 0404 .0400 .0385 .0353 . 0320 .0278 .0238 .0166 . 0088 __ ______ ~R, ~ 
08 "-~c:J Ie:: Propeller spacing IJ.i dlameters ~ ..... 
'" CJ p<~ 
Large ______ 1 N.A.C.A. bOOd ______ 1 Ring 5° ____ _________ \ 16.4\17.01 0. 0410 I 0. 0405 1 0. 0389 1 0.0360 I 0. 0329 1 0. 0285 1 0. 0233 1 0. 0168 1 0. 0086\ ________ "" 
Propeller spacing 1 dlameter 




588 /--ii~345-l:::::: ::. sm~o:~:: ~~~~~:d cY-linders~:: -Exii~~ed-CY-lin(iers~:: 16.4 17.0 .197 .373 .522 .646 .750 .825 .872 .821 ~t-& 16. 4 17. 0 . 197 .369 .516 .636 .735 .798 .809 .672 -. -. - ---- --------
'3 Ii! <1 Il., ""'Cl~ Propeller spacing IJ.i dlameters es_ 
p..'" 1 
". 
Large ______ \ N.A.C.A. hood _____ 1 Ring 5° _____________ \ 16.4117.0 1 0. 200 I 0.374 I 0.518 I 0.627 I 0.712 I 0.762 I 0.762 I 0.607 \-- -- -- -- -1---- ----
Propeller spacing 1 diameter 




855 11.054 /1.284 11. 587 
I 
2.130 
.s 1--------b~ Sm~o:~:: ~i~~:dcyiiiiciei-s~~: -E~~ed-cyi;ndei-i:: 16.4 17.0 .166 . 333 . S03 .676 .861 1.062 1. 293 1. 597 2.1 0 -.------16.4 17. 0 . 166 .338 . S02 .675 .860 1.063 1. 293 1.603 2.155 00 
!slfl'" Propeller spacing IJ.i dlameters :::l8 n 2t ~ 0 
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TABLE XII 




••••• do._ •.•.• 
...•• do._ •.•. _ 
.•••. do .•.•... 
Small ••. _. __ . 
.••.. do_._ .•.. 
..... do ..•.•.. 
Large •...••.. 
.•••. do ......• 
.•..• do ....•.. 
.•.. _do ...•••. 
...•. do_ ...... 
..... do •...... 
..... do_ .....• 
...•. do ... _ ... 
..... do ••..... 
•..•. do ....... 
••.•• do._ .•••• 
••••. do ... .... 
Small .. _._._. 
.••.. do._ •••.• 
....• do .•..... 
..• _.do ••..... 
••.. _do_ ...... 
•..• _do ....... 
..... do .•.. . .. 
••••. do ••..... 
.•.•. do ••...•. 
••... do ....... 
..•.• do_ •..... 
.•.•• do ....... 
..••. do .•..... 
••••. do._ ..... 
.•..• do._ •..•• 
.•.•• do._ ...•. 
Large ..•..•.. 
••••• do ....... 
..... do._ •••.• 
SmalL ••. _ .. 
••... do .•..... 
Large •••.. _ .. 
. ..•. do._ ..... 
Front propeller: Right-hand no. 4412-4-foot diameter. Rear propeller: Left-hand no. 4412-4·foot diameter 
Engine cowling 
Front Rear 
N .A.O.A. hood._ .•... Ring 5° .••.•.•........ 
.•.•• do ••....•..•......• .•.•. do ..............••. 
._ ..• do .... ......... _ ... Exposed cylinders ..... 
Exposed cylinders ... .• ..... do._ •..... . ...•.... 
.•.. . do .•.• _ .••......... ...• . do ......• _ ......•.. 
N.A.O.A. hood. _ ..... Ring 5° ........••..... 
Ring 0° ..•...•••...... . •. _.do ......• _._ ....•.. 
N.A.O.A. hood._ •.•.• ••... do ..••.•. _ ....••... 
..• .. do .•......• _ •...... ..... do .•..... _ ..•.....• 
.•. .. do ...• _ .........•.. Ring 0° •.•..•.......•. 
.... _do •..•.•........•.. Ring 5° ..... _ .....•... 
.•... do ...............•. Ring 0° ..• _ ........... 
... .. do ..•••.• __ .•...... Ring 5° .•.... __ ....... 
.•... do ..........•...... Ring 10°_ ..•........ __ 
.•... do ................. Exposed cylinders ..... 
Exposed cylinders ..... . ...• do ••..•.•.•...•... , 
Ring -5° ..••......•.. . .... do ....... _'" __ ..•. 
Ring _10° ......•....• .•.•. do ....... _ •........ 
Ring -15° •.•. __ .... __ . .. ' .do ....... _ ....••... 
Exposed cylinders ..•.• ..... do ... . ... _ ...... '.' 
.•.•. do ..........•...... Ring 10° .•• _ ...•...... 
..... do ..••....•........ Ring 5° •••.•.•.....•.. 
... . . do •...............• Ring 0° .•...... __ ..... 
..... do ...•............• Ring _5° _____________ 
•.... do ...........•..... Ring _10° ..• _ .....•.. 
Ring 4° .••.•..... _ .... Exposed cylinders ..... 
Ring 0° ........•...... ..... do •.••............. 
Ring _5° ..... . _ .•.... ..•.. do ................. 
Ring -So ._ ....•.•.... ..... do •••• _ .....••...•. 
Ring -10° ... _ ......•. .•.•. do .............. '.' 
Ring 4° •••.••...••..... Ring 5° ............ _ .. 
Ring -5° __ ----------- ..... do •••.... _ •........ 
Rlng 0° ..........•.... ... .. do ••.•... _ ••....... 
.. .•. do ••••............• Ring 10° ...... ........ 
..... do ..........•...... Ring 0° ............... 
N.A.O.A. hood ..•••.•. Ring 5° .•.......•..... 
..... do ...•......•••.... ...•• do ............•.••• 
..... do ................. ..... do ....... _ ••....... 
Exposed cylinders ..... Exposed cylinders ....• 
Ring 0° •.............• Ring 5° ............... 
N .A.O.A. hood ••• .•. . .... • do ....•.. __ .......• 
•• .•. do ..........•..•••• ..••• do ................. 
Propeller pitch at Hlgh·speed and cruising condition 
0.75 R. V/nD=O.65 CL=OA09 
OU mblng condition V/nD =0.42 
CL = 0.652 
Front Rear 
17. 0 17.0 
































































































































































































































































































Positive direction of axes and anglcs (for('es and moments) are shown by arrows 
Axis I lIIoment about axis I An/l:le \T elocities Force 
(paralle) 
Sym- t o axis) ym-Designation bol symbol Designation bol 
LongitudinaL __ X X Rolling __ ___ L 
LateraL ______ _ y l' Pitching ____ .1[ 
Xorm:lL ___ ____ Z Z Ya'i\ ing ___ __ N 
Absolute coefficients of moment 
L M 0=- C = -
, qbS m qcS C 
_V 
n= qbS 
(rolling) (pitching) (yawing) 
I 
, 
I Linear Positive Designa- Sym- (compo-direction tion bol nent along Angular 
axis) 
Y~Z RoIL ____ q, 1t P 
Z~X Pitch __ __ 0 v q 
X~l' Yaw _____ 
'" 
11' r 
Angle of set of control surface (relative to neutral 
position),o. (Indicate surface by proper subscrip t .) 













l' Thrust , absolute coefficient G7• =----r-n.. pn J.r 





Power, absolute coefficient CP = ~D3 pn 
Speed-power coefficient = ~ ~~: 
Efficiency 
Revolutions per second, r .p.s. 
EffectiYe helix nngle= tan-1 (2::n) 
5. NUMERI CAL R EL ATIONS 
1 hp.=76.04 kg-m/s=550 It-lb./sec. 
1 metric horsepower = 1.0132 hp. 
i m.p.h.=OA470 m .p.s. 
1 m.p .s. = 3.2369 m .p.h. 
1 lb. = 0.4536 kg. 
1 kg = 2.2046 lb . 
1 mi.=1,609.35 m=5,280 ft. 
1 m =3.2 08 ft. 
